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INTRODUCTION 
Color television has been with us now for a number of 
years, most of them spent in the developmental stage. It has 
been an extraordinarily difficult and brilliantly conducted 
segment of the history of television research and engineering, 
and tens of millions of dollars have been spent by the indus-
try in the perfection of this new and exciting art. Yet, no 
large quantities of color television receivers have been pur-
chased by the American consumer, and there are relatively few 
colorcasts being carried by the major networks. 
The public certainly wanted color television. In a 
survey of public opinion toward color television taken as earl 
as 1946, the Columbia Broadcasting System stated the following 
conclusion: •or the ninety per cent who hope to buy a 
television set within the next five years, eighty-nine per 
cent said they would be willing to wait six months for color, 
and seventy-one per cent said they would wait a year or more." 
What then, has caused the consumer to become somewhat apathet• 
ic as far as color television is concerned? Why has not multi 
chrome television been as successful as the monochrome system? 
To find the answers to these questions, and several others 
lDonald Horton and Read Tuddenbaum, A Study of Public 
Reaction to Color Television, (New York: CBS Audience Research 
Institut.e, .April, 194.6), P• 14-• 
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regarding the apparent failure of color video to become as 
popular and widespread as black-and-white, it is necessary to 
investigate the history of time medium's development. 
During a seven year period beginning in 1946, the 
battle for the standardization of a specific system of color 
television was waged in laboratories, demonstration halls, 
courtrooms, and in hearings before the Federal Communications 
Commission. The three major proponents for the adoption of a 
particular color plan, the Columbia Broadcasting System, the 
Radio Corporation of America, and Color Television Incorpor-
ated, fought grimly for their individual methods. The FCC 
was faced with a problem that called for great wisdom: to 
accept as standard, the color system which was most accurate 
in its reproduction of color. Other factors entering into the 
decision were the cost of color receivers, and the problem of 
possibly making obsolete the monochrome sets already in ser-
vice. 
There were two hearings before the government agency 
concerning the question of color acceptance. These hearings, 
and the hotly debated issues which arose as a result of the 
claims made by the rival manufacturers, constitute the color 
television controversy. 
It is the purpose of this writer to investigate this 
period in the growth of television in order to ascertain cer-
tain pertinent facts regarding the manner in which color tele-
vision was introduced to the nublic. Perhans in this waY. it 
it may be possible to discover the reasons underlying the 
disappointing results of the standardization of color. 
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CHAPTER I 
FUNDAMENTALS OF COLOR FOR TELEVISION 
The Nature of Color 
Before the subject of color television itself can be 
adequately explored, the writer must first investigate the 
basic principles of color vision and colorimetry. Color may 
be defined as: "a sensation which is created by the reception 
of electromagnetic radiations of a specified frequency or 
wavelength by the eye, or a characteristic of the radiations 
causing that sensation."1 The radiations are in the form of 
wavelengths of varying frequencies along the color spectrum. 
As these radiations strike the retina of the eye, they are 
transmitted to the brain in the form of stimuli. The layer 
on the surface of the retina is composed of a complex pattern 
of nerve cells, ganglion cells, and receptor cells. There 
are two types of receptor cells, both located inthis layer, 
which are called cones and ~.2 It is from these cells 
that the finely detailed color information is passed along 
through the optic nerve to the brain. Cones are responsible 
~ilton Kaufman, Introduction to Color Tv,(New York: 
John F. Rider Publisher, Inc., 1954), p. 17. 
2Hazeltine Laboratories, Principles of Color Tele-
vision, (New York: John Wiley and Sons, Inc., 1956), p. 17. 
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for the detail of the color information, while the rods rune-
tion best in low-level light areas. The rods provide the 
brightness or intensity to the eye, and cannot perceive color 
at all. 
Another capacity of the human eye is that of a per-
ception of a mixture of colors as a composite color.l In 
other words, two colors of different frequencies create the 
sensation or illusion of a third color of still another 
frequency which has no relationship to the frequencies of the 
two original colors. A good example of this is the relation-
ship of a red and a green combining together to form a yellow. 
There is also the sensation of two different colors 
of different frequencies producing a third color of still 
another frequency in which the subject can plainly see the 
original colors. The perception of greenish-yellow, blue-
green, and many others points this out. Just how this occurs 
is not yet known, but the results are well established. 2 
A great number of colors can be seen by the average 
person, thus indicating that the human eye responds to a wide 
band of light frequencies or wavelengths. The color band on 
the electromagnetic spectrum takes up only a very small part 
however, and much of this is given to the infra-red and 
ultra-violet light which cannot be perceived by the human eye 
lFloyd L. Ruch, Psychology and Life, (4th ed.; 
New York: Scott, Foresman and Company, 1953), p. 212. 
2Ibid., p. 213. 
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without the aid of electronic devices. 
Color Wavelengths and Frequencies 
The range of frequencies and wavelengths corresponni~ 
to the visible color spectrum occupies only a very small seg-
ment of the overall electromagnetic spectrum. Within the 
limits of the color spectrum are found the basic colors, 
starting with red, through orange, yellow, blue-green, blue, 
and violet. However, in addition to these relatively few 
basic colors, many other colors are found in the spectrum. 
It is very possible that there are perhaps 35,000 other var-
iations of colors that can be compared with the basic colors 
that are in the visible spectrum.l 
The prime source of light in our world is the sun. 
The rays of the sun are considered to be white light--that is 
the color of the light wnich does not appear in any of the 
basic colors in the visible spectrum. However, white itself 
is not a color. White is a composition of a variety of color1 
wnich have not been broken up in any way. This is understood 
easily when the rainbow is taken as an example. A rainbow, 
which possesses all the colors in the visible spectrum, is 
brought about by the rerraction of the rays or the sun. The 
rays, broken into minute particles of light by the presence 
of water droplets in the atmosphere, form the familiar multi-
lKaufman, p. 19. 
colored arch in the sky. 
The refraction of white light into colors was first 
demonstrated by Sir Isaac Newton in an experiment in which 
7 
a beam of white light was passed through a glass prism, and 
the light, which was aimed at a white object, was shown to be 
broken up into a series of colored bands.l 
Each of the colors in the spectrum represents electro-
magnetic energy and wavelength or frequency, or more precisely 
each band of color embraces a certain band of frequencies or 
wavelengths. These wavelengths are measured in terms of 
millimicrons. The blue band, including violet and some blue-
green, extends from about' 400 to $10 millimicrons; the green 
band extends from $10 to $80 millimicrons; the yellow band 
extends from approximately $80 to bOO millimicrons; and the 
red band, the highest, extends from about 600 to the practical 
l!Ddt of 700 mill1m1crons.2 Closer examination of the spectrw 
reveals an important fact. Three colors, blue, green, and red 
occupy the greatest portion. of the spectrum. The blue-green, 
orange and yellow occupy only small areas. It is primarily 
for this reason that for color television the color spectrum 
has been outlined here, can be consider4d in its simplified 
form. 
lRuch, p. 213. 
2H.G. Cisin, The ABC of Color Television, (New York: 
H. G. Cisin, 19$4), p. 2. 
Trichromatic Vision and Primary Colors 
EXperiments and studies carried on since the days or 
Newton's experiments have established that the sensation or 
substantially white light can be created in the mind or a 
8 
human subject by combining only three colors in the proper 
projection. These three colors are blue light, green light, 
and red light. Hence these three colors have been declared to 
be additive primary colors.l It was rurther round that by 
combining these three primary colors in other proportions, or 
any two of them, the greatest Yariety of other colors could 
be perceived by the human being. This condition, more than 
anything else, accounts for the utilization ror these primary 
colors in color television. 
It is generally known that any color, or variation or 
color can be produced by the proper proportion of the three 
primary colors. This is attributed to a physiological char-
acteristic of the human being called trichromatic vision.2 
The exact mechanism is as yet unknown, but it is generally 
agreed that the eye has three distinct receiving devices, 
. 
each capable of responding to all the colors, but also having 
special sensitivity to wavelengths or certain degrees. There-
fore, the blue wavelengths would be perceived by one set 
1 Kaurman, p. 22. There are two systems ror producing 
a mixture or colors. These shall be explained fully. 
2Ibid. 
-
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of receptors, the green would be preceived by a second set of 
receptors, and the red would be perceived by still a third 
set. 
As color strikes the eye, each receptor mechaniam 
responds as its particular wavelength activates it. Because 
each color is composed of a varying proportion of different 
wavelengths, the receptors will react to just the degree of 
the proportion of color that is present at the time. The 
color sensation created is this combination of the three re-
captor mechanisms, each with its own appropriate degree of 
response. Hence, the only thing necessary to achieve the 
great variety of colors is the appropriate degree of response 
of these receptor mechanisms as they are activated by the 
three primary colors. It is also in this manner that the 
subject can perceive white light. 
S!Paration and Combination of Colors 
Composite color can be broken down into primary 
colors by a process of separation termed the additive or 
transmission process.1 Newton's experiment dealt with an 
adiitive color process in that he resolved white light into 
the basic colora of the spectrum. However, there are other 
ways in which the additive process can be used. The best 
illustration of the process is that of a traffic light. 
lrbid., p. 25. 
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~ the white light from the incandescant bulb of the light 
passes through the glass in the lamp housing, the red, amber, 
or green glass filter transmits only the color desired, and 
absorbs all others. Therefore, a White light viewed through 
a red filter w!.ll become a red light. The situation is the 
same for any color. If a blue filter were employed, then 
only the blue light would be transmitted by the blue filter, 
and all other colors would be absorbed. 
The same phenomenon will occur in reflected light. 
If a multicolored object is viewed through a red filter, then 
only the red wavelengths emanating from the object will pass 
through the filter, and all others w!.ll be absorbed. The ob-
ject appears to be red only in those areas which normally 
reflect red light. The other portions of the object that are 
reflecting other colors will not be seen as red. Those por-
tions which reflect blue or green light will appear to be 
~lack, purple, or some other dark color. Those portions 
~hich reflect yellow may appear to be white. 
As a light is viewed through a filter, the composition 
of the light which reaches the eye is controlled by a chain of 
three steps: (1) the color components emitted by the source, 
(2) the colors reflected by the object viewed, and (3) the 
characteristics of the colored filter.l 
It can be clearly seen then, that the separation 
1~ •• p. 26 
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of colors by the additive process differs greatly from the 
refraction of colors using a pii sm. Whereas the refracted 
light shows all colors at once and separately, the filter will 
transmit a single color, absorbing all the rest. There are 
many kinds of color filters which are used for different 
results. Some red filters will allow waveleng1hs partly in 
the green band to pass through, and others will allow yellow 
and orange wavelengths to pass through. It is not impossible 
to permit only one wavelength or frequency of color througha 
specific filter; however, in the main, most filters will 
transmit some wavelengths which overlap their particular 
color. 
The use of filters in the color television system 
accomplishes the separation of colors. The color television 
system put forth by the National Television System Committee 
is one Which utilizes the additive color process.1 In the 
NTSC system, the cameras are viewing the same subject, which 
is bathed in white light. One camera uses a red filter on itE 
lens, the second camera uses a green filter, and the third 
camera uses a blue filter. In this manner, all three 
primaries are represented, and the complete color spectrum 
is then accomplished electronically through phasing and 
interlacing. 2 
The printing and color photography industries, using 
1se& Appendix I. 2see Appendix I. 
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the subtractive color process, employs a false set of primary 
colors. Magenta (bluish-red), cyan (bluish-green), and 
lemon-yellow (greenish-yellow), serve as the primary colors. 
These are not the true primary colors of red, green, and blue; 
however, the use of these colors widely as primaries in these 
industries has caused many to regard magenta, cyan, and 
lemon-yellow (red, green, and yellow), as the true primary 
colors. The definition of a primary oolor is "a color of 
constant chromaticity and variable amount, lllhich, when mixed 
in proper proportions, are used to produce or specify other 
colors."1 
The subtractive color process differs from the 
additive process in this way. Paints, colored inks, etc., 
act as subtractive color filters, absorbing the desired color 
from the white light, and t rans{llitting all others. Thus, the 
difference between the additive, or transmission color 
process, and the subtractive, or absorption color process, is 
simply this: the additive colors are transmitted througha 
filter which absorbs all other colors, and the subtractive 
colors are absorbed While all the others are transmitted.2 
Combination of colors can also be produced. The 
colors Which have been separated by means of' f'ilters can be 
recombined to produce white light by projection onto a surf'ace 
1Hazeltine Laboratories, P• 541. 
2c1s1n, P• 3· 
' 
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In the same way, colors can also be produced through a com-
bination of' colors. That is to say, a purple can be obtained 
by means of' combining a red and a blue. When individual 
colors are available, either from a single multi-colored 
source through transmission filters, or even from s elf-lumin-
ous sources, they may be added together to produce another 
color as they are projected onto a surface. It is in this 
way that color is reproduced on the screen of the color 
.television receivers. 
Color Mixing 1n Television 
One of the most important factors in the study of 
the color television system is the mixing of colors to produce 
other colors. This, as already explained, is accomplished by 
the additive color process of color mixing. Therefore, in 
order to achieve an ,easier understanding of the color tele-
vision systems which will be discussed later 1n this paper, 
it is advisable that the results of color mixing Cbe written 
here. 
Complementary colors--If one of the three primary 
colors is removed from white light, the result will be a 
complementary color. Magenta is produced by the absence of 
the green primary from the white light. The two remaining 
primaries, red and blue, combine to form magenta. Cyan is 
produced from blue and green when red is absent from white 
l.:l.ght. Yellow light is produced when red and green are 
present in the spectrum, but blue is absent. 
Black is the absence of all light. In color tele-
vision, black is produced when the red, green, and blue colors 
are not present.l 
White light is produced by a combination of all the 
three primaries in the proper proportions, and gray light is 
only White light of lower intensity. Gray light contains 
the three primaries in the same ratio, but the light level is 
not as intense.2 
Colors can also be used in the following manner to 
provide the following mixtures: (1) red, blue, and green will 
yield White light; (2) red and green will yield yellow; (3) 
red and blue will yield magenta; (4) blue and green will yield 
cyan; (5) yellow and blue will yield white light; (6) magenta 
and green will yield white light; (7) cyan and red will yield 
white 11ght.3 
Characteristics of Color 
The last thing remaining to be considered is the 
lrt is true that black can be obtained in color mixing 
by adding three secondary colors, e.g, red-blue, blue-green 
and yellow. However, in electronic color television, this is 
accomplished much more easily by removing all the color from 
the face of the receiver, This technique is also used in 
monochrome television, the absence of picture being known as 
"black". 
2John R. Meagher, RCA Color Television Pict-0-Guide, 
(New York: Radio Corporation or Ailier!ca, 19$7), P• 11. 
3 Ibid. , p. 12. 
color aharacteristics. These three properties of colored 
light influence human perception of color, and are the 
factors which make a certain color what it is. 
15 
The first of these color characteristics is bright-
ness, Which may be defined as "the attribute of the color 
perception of a luminous area that permits it to be classified 
as equivalent to some member of the achromatic color percep-
tions that range from very dim to very bright. 111 Brightness 
is a more popular word for the more exact term, luminance. 
£rightness is an indication of the quantity of the light 
reflected or projected tot he ey-e, and thus of the lightness 
or darkness. In pictures which are merely black-and-White, 
brightness ranges from total blackness up the gray scale to 
pure White. In monochrome pictures, up to nine shades of 
gray are discernable in some cases. 
The sensitivity to different colors by the eye is not 
the same. If all colors are projected at the same intensity, 
the colors of blue, green, yellow, and orange seemthe bright-
est. As the brightness of a color increases, it appears to 
emit more light. 
The second characterisitic of color is hue. This colo 
characteristic is defined as "the attribute of color perceptio 
that determines whether it is red, yellow, or the like."2 
1Hazeltine Laboratories, p. 27. 
2~. 
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Hue is also referred to as chrominance,and is a rough indic-
ation of the color's wavelength. such distinctions as light 
or dark when applied to color do not change its hue. Red or 
pink, light blue or dark blue, greenish-yellow, light yellow 
or chrome yellow all fall into the same category of hue. 
Hue, or chrominance, is also often referred to as "chromatic-
ity."1 
The third and last characterisitic of color is satur-
ation, Which by far is the most important as far as color 
television is concerned. Saturation of color is defined as 
"the attribute of arry color perception possessing a hue that 
determines its difference from the achromatic color percep-
tion most resembling it. That is, it is a measure of how mucb 
the particular color appears to differ from gray and tor a-
semble either'a pure spectral color or one of the purples 
from the formation of the extreme spectral red and a violet."2 
Saturation, also known as color purity, describes the 
difference between a faint hue and avery vivid hue. The 
most intense hue is formed when the color is undiluted with 
white light. such a color is called a pure color. As more 
and more white light is mixed with the pure color, the per-
centage of saturation becomes less and less and the purity 
necessarily becomes a smaller and smaller fraction of the 
1cisin, p. 3. 
2Hazeltine Laboratories, p. 27. 
100% purity rating. A fully saturated color then, is one 
having no dilution with white light. All the colors in the 
visible spectrum are fully saturated, or pure colors. 
17 
Saturation should not be confused with brightness or 
luminance, although the brightness of a surrounding light on 
a color can cause the apparent effect of saturation. 
Thus, all three factors--brightness (luminance), hue 
(chrominance), and saturation (purity), enable the eye to 
distinguish between colora. The hue does not change as a 
result of saturation or brightness changes, nevertheless one 
condition can be differentiated from the other by the eye. 
CHAPTER II 
EARLY DEVELOPMENT OF COLOR TELEVISION 
First System of Color Reproduction 
The history of the development of color television 
closely parallels that of monochrome. Experiments in color 
began as early as 1925 in this country and in England.l In 
1927, members of the staff of the Bell Telephone Laboratories 
first used half-tone monochrome images accompanied by sound 
over telephone circuits.2 
During the next year, John L. Baird demonstrated 
color television,. using the scanning discs at both receiver 
and transmitter. The light source in these experiments was 
the out-dated photo-cell pickup, but nevertheless, the demon-
strations were successful.) 
The following year, the Bell Telephone Laboratories 
once again held color television demonstrations, this time 
for the press.4 This experiment involved the simultaneous 
1
.Donald G. Fink ( ed.), Color Television Standards: 
Selected P~lers and Records of the National Television 
System Comm ttee, (New York: McGraw-Hill Book Company, Inc., 
1955), P•4• 
2Ibid. Jibid. 
----
4H.E. Ives and A.L. Johnsrud, "Television in Colors 
""" by a Beam Scanning Method," Journal of the Optical society 
' of America, XX (January, 1930), 11. 
19. 
transmission of the three primary color signals, and is much 
the same as the system that is presently employed. The image 
was scanned at fifty lines per picture, and at the rate of 
17.7 pictures per second, The subject was scanned by a white 
beam, and the light reflected from the subject was picked up 
by three photo-cell tubes. Each tube was fitted with a 
transmission-type filter, one in each of the primary colors. 
These three tubes were viewed through a scanning disc, and 
a mirror system was used to superimpose the three colored 
images. 1 
Experiments undertaken since Baird's demonstration 
and the work done by the Bell Laboratories have proved that 
the sequential system of color, which will be explained in 
detail in this paper, brings the best results. 
The Lorenzen Color System of 1940 
In 1940, the first patent for a color television 
system was issued to Robert Lorenzen of New York City. 2 
Lorenzen, who had been working on his invention of color 
reproduction for a number of years, had finally perfected it 
well enough to gain recognition for his efforts, and his name 
is recorded as the first in a long line of color television 
pioneers. His system used an elaborate setup of filters and 
1Ibid. 
2 The New York Times, May 19, 1940 
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lenses to achieve the desired effect of natural color on the 
television screen, The color in the Lorenzen system was de-
rived from a three-camera chain, each camera synchronized 
with respect to scanning, The image was then fed through 
three transmission-type filters, one in each of the primary 
colors. This system, which was similar to the earlier 
method employed by the Bell Telephone Laboratories in their 
color demonstrations, also utilized the additive color 
process. 1 Mr. Lorenzen successfully demonstrated his system 
to the press and other groups, and those who saw the showings 
remarked on the beauty and the quality of the color.2 The 
only drawback to the system was that it could not operate in 
the six-megacycle bandwidth, which was becoming standard for 
all telecasting purposes. 
Early Demonstrations of' CBS Color 
In September of' that same year, the Columbia Broad-
casting System announced that it had developed a color 
television system, giving the credit for the invention to Dr. 
Peter Goldmark, an engineer in the corporation's research 
division, At the initial demonstration which was held early 
in the month, members of the press were very impressed with 
the color they saw. One reporter who viewed the color show 
1 See Chapter I 
2The New York Times, May 19, 1940 
l described the colors as "very vivid." 
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The demonstration consisted of a sixteen millimeter 
color motion picture Which was broadcast over a closed circuit 
within the CBS studios. No live programs. were attempted at 
that time, mainly because a suitable studio color camera had 
not yet been developed. The colored movie showed scenes of 
floral displays, and other scenes taken in Manhattan. Dr. 
Goldmark commented that attaChments which would convert the 
existing monochrome television receivers to color could be 
manufactured very quickly, but did not estimate the cost. 2 
Explanation of the Field-Sequential System 
This early CBS method of color reproduction was 
named the field-sequential system. The color was derived 
from successive fields scanned in each of the three primary 
colors. As this sequence was very rapid, the illusion of 
complete color was achieved. The image appeared as if the 
three colors were present simultaneously, and the mind of 
the viewer added these colors to produce the mixtures of the 
primaries which reproduced the colors in each scene. 
The mechanics involved in this method were simple 
enough. A color disc, having a transmission filter for eaCh 
of the primary colors, was placed in front of the camera lens. 
l Tee New York Times, September 5, 1940 
2Ibid. 
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This disc rotated so that each field was scanned in just one 
color. The first was scanned in red, the second in blue, and 
the third in green. This process was repeated several times 
per second. Another disc was placed in front of the receiver 
and the speed and rotation of the two were synchronized so 
that the same color filter appeared before the lens and the 
kinescope simultaneously. In this way, color was achieved. 
This was not the first time that this method of color 
reproduction had been attempted, however. In one of the 
early systems for producing color for motion pictures, this 
method was tried.1 The frames of the film were exposed 
through two color filters, a red-orange, and a blue-green. 
The film was then projected through the same type of filtering 
system with the rotating color wheel synchronized so that the 
orange-red filters were exposed to the frames which had been 
previously exposed through the same filter during the making 
of the film. The blue-green filter was synchronized in the 
same manner. 
In thea e early experiments with motion picture color 
it became evident that severe flicker existed. Flicker, 
when applied to color reproduction, means 
light resulting from a cyclic fluctuation 
a severe flutter of 
2 
of the light. 
In order to avoid the flicker, approximately twice the number 
1 Fink, p.5 
2Hazeltine Laboratories, P• 535 
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or rrames had to be exposed per second, than would normally 
be done in black-and-white moviemaking. This resulted in a 
very high consumption or rilm, and a shorter lire ror the rilm 
because or the extreme amount or wear imposed by the rlutter-
bar mechanism. In a short while, this system or color was 
abandoned by the rilm producers, and the subtractive method 
or color began to become widely accepted. The modern rorms or 
color in motion plctures all use the subtractive method. 
Some or the well-known processes that employ this system are 
1 Kodacolor and Kodachrome. 
Dr. Goldmark and his associates were well aware or tre 
rlicker problem. To overcome it, the televised images were 
transmitted at 120 rields per second, twice the normal number. 
At 120 fields per second, the rlicker was almost unnoticeable, 
and there was no loss in co lor quality. 2 All or the CBS 
color experiments, whether closed-circuit or transmitted, used 
the CBS studios in New York City. The transmission was done 
over the CBS experimental black -and-white transmitter in mid-
Manhattan, W2XAX. 3 
Disadvantages or the Original CBS System 
The system advanced by CBS, although it showed itse~ 
to have great potentialities, nevertheless surrered many 
1 Fink, P• 5 
2 
~·· p. 6 
drawbacks which rendered it impossible for commercial use. 
Firat, and most important, was picture resolution. 
At that time, monochrome pictures were becoming standardized 
at 525 lines. In order to accommodate the field-sequential 
color signal within the standard six-megacycle channel with 
the field period rate twice that of monochrome, it was necess-
ary to reduce the number of scanning lines per field. Tech-
nically, the overall resolution had to be reduced by two, be-
l 
cause of the interlacing process. Dr. Goldmark used 343 
lines instead of 371, which was the approximate answer to the 
equation, because 343 lines had been used in early monochrome 
2 
telecasts. 
Therefore, with a reduction in picture resolution, 
the images suffered when compared to black-and-white pictures 
that used the 5 25 scanning-line standard. In addition to 
this, the image suffered also from excessive flicker whenever 
the brightness was increased. 
Another strong argument against the proposed CBS 
system was the fact that the difference in field and line 
frequencies made the color incompatible with the existing 
monochrome standards.3 Thus, it would be impossible for the 
1Ibid. 2Ibid. 
3Actually, the monochrome standards had not yet been 
agreed upon; however, the NTSC was making field tests on the 
monochrome system, and the 525 line, 60 field standard was 
adopted shortly after this time. 
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home receivers to be able to receive the CBS color trans-
mission without a color converter. Compatibility was to 
become the strongest argument in the adoption of the color 
system 1n 1953. 
One other objection to the CBS system, although not 
considered a major disadvantage, was the clumsiness and 
impracticability of ~he home receiver. The color sets were 
made big and bulky by the addition of the color wheel which 
was placed 1n front of the tube, and the size of the overall 
set was increased four times. Also, the electric motor 
which was necessary to power the color disc was noisy 111. d of-
ten suffered breakdowns. Projection system television, at 
this time seriously considered as the better method as opposec 
to direct-view tubes, would eliminate most of the problems 
just mentioned. However, the three transmission filters at 
the transmitting end reduced the luminance by one-third, and 
therefore, the brightness on the home sets suffered consider-
ably. 
Shortly after these experiments were conducted, the 
entry of the United States into the Second World War made all 
materials scarce, and necessitated an end of the color tele-
vision experimentation by the Columbia Broadcasting System. 
CBS was fully confident that its color sys tern was 
practical, and when most of the objectionable features had 
been removed, would be an inexpensive, easy method of color 
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reproduction for television. Before the war put an end to 
the experiments, CBS proposed to the FCC that the 343-line, 
120-field standards be adopted; however, the FCC rejected 
the proposal early 1n 1941 when it promulgated the monochrome 
standards which the National Television System Committee had 
recommended.1 
lThe National Television System Committee was active 
1n achieving television standards during two periods in the 
development of the medium. The first period was from 1940 to 
1941, when it field-tested the proposed monochrome television 
system. The second period of color activity began during the 
color controversy in 1950, and after the Committee had com-
pleted its work, it was officially disbanded in February, 1954 
A full Chapter on the organization, functions, and field work 
of the NTSC will follow. 
CHAPTER III 
FIRST PHASE OF THE COLOR CONTROVERSY, 
1946-1947 
Research on Color Systems Resumes 
Early in 1945, CBS presented a modif'ied version of' 
the color system which it had originally introduced in 1940. 
The modif'ications were designed to remedy the disadvantages 
which had prevailed in the old type of' transmission and 
reception. 
The revised color plan was essentially the same as 
the earlier one which CBS had proposed, with one important 
exception: the bandwidth had been changed f'rom six megacycles 
to twelve. This wider bandwidth allowed greater picture res-
olution, and also permitted better control of' f'licker. The 
new method used a 525-line picture, and a f'ield period of' 
l/144th of' a second, giving twenty-f'our complete pictures per 
second.1 
The old drawback of' incompatibility still remained, 
however, because of' the dif'f'erence in f'ield periods but by 
this time, engineers were generally in accord that a channel 
wider than six megacycles was necessary f'or satisf'actory 
color images, and that the color system eventually to be 
lFink, p.7 
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adopted therefore must be incompatible with the now-estab-
lished monochrome service. Since this conflict was considere 
by most to be inevitable, CBS turned toward the ultra-high-
frequency {UHF) spectrum. There was some question as to 
which system woUld be best suited to deliver the satisfactory 
color image, but the CBS field-sequential system was consid-
ered the most likely candidate. 
The television panel of the Radio Technical Planning 
Board, during a study of color methods in 1946, favored by a 
substantial majority, a set of field-sequential standards 
which would provide the same resolution and freedom from 
flicker as the monochrome service. These standards were 525 
scanning lines per frame, and a field rate of 180 fields per 
second. These figures implied a Channel width of almost 15 
1 
megacycles. This was considered by the panel a necessary 
price to pay for a color system trUly competitive with the 
established monochrome system. 
Dr. Peter Goldmark, the Director of Research and 
Engineering at CBS, explained the new method of color at the 
mid-winter meeting of the Institute of Radio Engineers. He 
outlined the accomplishments of high-power, high-definition 
color broadcasts in the UHF range. The strongest argument 
for the case of UHF color, according to Goldmark, was that 
•J::S.v. L~:Ln, "Recent Improvements l.n J::Sana-snarea 
~imultaneous Color Television systems, " Proceeeinfs of the 
Tnstitute of Radio Engineers, XXXIX, {October, 195 ), 1264 
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the signal was five times as strong as the lower frequencies, 
and that the pictures were impervious to man-made outside 
interference.l 
The first color transmission by CBS occurred in 
February, 1946. The demonstrations for the press were held 
at CBS headquarters on Madison Avenue in New York. Color 
film and 35 millimeter slides were reproduced on projection -
type 22-inch television screens during the one-hour shew. 
The color was transmitted by the CBS experimental transmitter, 
W2XAX, on a 15 megacycle bandwidth.2 
worthington c. Miner, manager of the CBS Television 
Department, stated that "virtually every element of the com-
plete system used for this demonstration--the film scanner, 
the cable between here and the Chrysler Tower, the 
Federal transmitter, the receiving antennae and the receiver 
itself--all were developed, built and installed in the five-
month period since V-J Day.~3 Miner also cited the progress 
which had been made by Columbia in attaining color pictures 
of good quality in the relatively short period since the end 
of world war II. He supposed that the industry would be re-
luctant to believe the claims which CBS was making for its 
color system, but that the present demonstrations would 
1Broadcasting-Telecasting, January 28, 1946, p.l8 
~roadcasting-Telecasting, February 4, 1946, p.20. 
3 ~· p.84 
' 
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prove the system worthy. 
CBS further demonstrated its new method of color 'lob. En, 
on April 19, 1946, it transmitted UHF color to washington, 
D.C. over a 450-mile coaxial cable relay. CBS President 
Frank Stanton hailed the showings as a success and stated: 
"The startling fact that programs in full and vivid color can 
satisfactorily be carried without modification of present 
television coaxial cable systems, means that color networks cru 
be formed as rapidly as black and white networks."1 
Some problems were already arising because of the 
emergence of color television, however. In Harch, the Federal 
Communications Commission reported that a number of stations 
had withdrawn requests for proposed allocations of frequencies 
in the lower megacycle band. Color was considered a paramount 
factor because of the uncertainty created by the question of 
allocations for the color systems. The number of withdrawals 
had reached 15 by March, and several other licensees were 
2 
considering a similar course. The Yankee Network was also 
considering withdrawal of proposed stations in Boston, Pro v-
3 idence, and Hartford. In June, the FCC announced it would 
go ahead with its tv allocations schedule despite the rapidly 
increasing number of withdrawals, which at this time totalled 
l Broadcastins-Telecastins, April 22, 1946, p. 102. 
~roadcastins-Telecastins1 March 25, 1946, P• 18 
3~. 
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seventy-two.l 
Columbia continued its campaign for wide-band color 
through the summer and fall of 1946. In October, Peter 
Goldmark, and William Lodge, then CBS Director of General 
Engineering, issued a joint statement reaffirming the possi-
bilities of UHF color at the National Electronics Conference 
in Chicago. The two engineers made the following three 
salient points: (l) CBS color provides satisfactory reception 
for ninety per cent of the audience within a fifty mile radius 
of the transmitter, (2) the system gives ghost-free reception 
in ninety-five per cent of the homes having signals of usable 
intensity, and (3) the UHF band is virtually free of outside 
interference,2 
BCA Simultaneous Color Television S1stam 
During the fall of 1946. while the Columbia Broadcast-
ing System was making news with its color system, the Radio 
Corporation of America announced that it had developed an 
entirely new system of color reproduction. As early as 1945. 
BCA had predicted that multichrome would not be ready for at 
least five years; however, the introduction of RCA Simultaneou 
Color caused a complete reversal of that prediction. The 
announcement was made at a special demonstration held for 
momb9 r 6 of the press and others at the RCA Laboratories in the 
lBroadcasting-Telecasting, June 10, l94b, P• 18. 
2Broadcastipg-Telec&!!lW, October 7, 1946, P• 118. 
t (' 
~~ 
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1 latter part or October, 1946. RCA orricials claimed success 
for the system at the demonstration, but added that there was 
still much to be done before a fully-developed system of color 
television could be commercially possible. General David 
Sarnoff, RCA Board Chairman, stated that while the system 
proved the worth of the basic process, the engineers would 
have much research to do in making simultaneous color a 
practical home service.2 
The simultaneous oo lor system was unique, in that it 
employed the mono<h rome scanning standards. The system used 
an overall channel width of 14.5 megacycles. In this channel 
were located three separate carriers, and their associate 
sidebands, so that no portion of one overlapped any of the 
others. The three signals, all transmitted by the monoChrome 
sideband method, represented the red, green, and blue primary 
colors derived from the cameras. The green and red signals 
were the full bandwidth, i.e. a 4 megacycle channel, while the 
blue signal was transmitted at a reduced bandwidth of approx-
imately 2 megacycles.3 
The name "simultaneous" is derived from the method 
in which the three colors were superimposed to form the 
lBroadcasting-Telecasting, November 4, 1946, P• 18 
2Ibid. 
-
3R.D. Kell et al., "An Experimental Simultaneous Color 
Television System," Proceedings of the Institute of Radio 
~Lneers, XXXV (September, 1~47), 661. 
\ 
\ 
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complete color picture. In the rield-sequential method, the 
color image was obtained by a very rapid sequence or oc lora, 
causing the eye to blend the three primaries into their com-
posite colors, much in the same way as theeye blends the 
frames of a motion picture together to give the complete 
action, while eliminating the bar between the rrames. In t he 
RCA system, the three primary oclor signals were blended to-
gether into one signal by means or a mirror system at the 
camera. The red, blue, and green pictures were all su}&rim-
posed at the source and transmitted in that rashion, result in 
in the composite colors.1 
Although this system was still in the developmental 
stage, and the pictures were crude in comparison with the 
field-sequential system, the RCA was confident that it would 
meet with success because it was compatible with the black-
and-white standards. RCA also contended that the simultaneou 
system would be rar superior than the CBS system, because the 
latter depended upon the wheel for the reproduction of its 
color. CBS replied that the wheel, in ten thousand years of 
service, had proven itself thoroughly reliable.2 The battle 
or claims and counterclaims between these two corporations 
was just beginning. As the systems progressed, each would 
become more belligerent toward the other. 
"l.x:aurman, p. 26 
2 Broadcasting-Telecasting, November 4, 1946, p. 18 
First Color Hearings, December 1946 - March 1947 
The Federal Communications Commission, noting with 
growing concern, the uncertainty in the industry created by 
the color question late in 1946, announced it would hold open 
hearings on CBS color beginning on December 9, 1946. 1 The 
investigation was designed to include comparisons of high and 
low frequency bands for color video use, color television 
methods, backgrounds and prospects of color plans, and a study 
of non-CBS systems of color transmissions.2 The color tele-
vision question was the major factor in the monochrome tele-
vision application withdrawals during the spring and summer. 
The Commission outlined nine major issues to be 
covered at the hearings. They were as follows: 
1. To obtain full information concerning the 
system of UHF color television developed by 
CBS with particular respect to the following 
items for which a full and detailed description 
will be necessary: 
a) visual transmission 
b) aural transmission 
c) channel width 
d) live pickups, day or night, in or out of doors 
lBroadcasting-Telecasting, October 14, 1946, P• 20. 
2ro1d., p. 82. 
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e) experiments with coaxial cable 
f) receiver picture size; whether projected or 
direct view 
g) receiver picture brightness 
h) cost of equipment in various stages of mass 
production 
2. Information on field-tests by CBS and others who 
wish to introduce color systems. 
3. Practicability of UHF-VHF combination television 
set. 
4. Approximate time following approval in which re-
ceivers can be made available to the public in 
quantity. 
5. To determine whether the CBS system is a satis-
factory standard which can be reduced to practice 
in the near future and also satisfactory to the 
public's expectances. 
6. Information on monochrome and VHF-UHF transmission 
1. Data on UHF bandwidths. 
B. Data available from other interested parties ~o 
can. transmit mono.chrome either in low or high ;f're-
quencies. 
9. To obtain any 
color television 
other information 
. 1 
systems. 
on other existing 
' 
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Once this information was gathered and disseminated by the 
FCC and its advisory council, it was hoped that a practical 
solution to the disturbing questions resulting from color 
television systems could be reached. 
As the deadline for the filing of participants in the 
hearings appro ached, .several manufacturers and electronics 
companies entered themselves for participation. Included in 
the long list of applicants were: CBS, zenith Radio Corpora-
tion, Cowles Broadcasting Company, Thomascolor, RCA and its 
broadcasting outlet NBC, the Television Broadcasters Associa-
tion, DuMont Broadcasting Corporation, Westinghouse, Federal 
Telephone and Radio, Bendix Corporation, Aviatron, and Phil-
co.l Main support for the CBS field-sequential system was 
expected to come from the Cowles Broadcasting Company, while 
RCA, NBC, DuMont, and the TBA were regarded as the chief 
opposition to CBS. The reasons for RCA-NBC's opposition are 
obvious enough, that company having its own system of color 
television to present. DuMont was opposed to the CBS system 
becoming commercialized because it did not believe any system 
of color video was practical at that time. The hearings 
appeared to be centered around an engineering battle; 
however, there were to be several showings of color television 
systems. 
lBroadcasting-Telecasting, December 2, 1946, p. ao. 
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When the hearings opened on December 9, sides were 
already rorming. CBS, Cowles, Bendix, and westinghouse were 
together in their opposition to RCA, NBC, Philco, DuMont and 
TBA. 1 The rirst witness in the hearings was CBS President 
Frank Stanton, who reviewed the CBS positon regarding the 
practicability or wide-band color. Adrian Murphy, vice-
president, traced the history or the development or the 
rield-sequential. system, explaining some or its more t echnica, 
aapects. 2 William Lodge, CBS Director or General Engineering 
described in detail the rield tests on the UHF rrequencies.3 
Dr. Goldmark revealed that CBS was working on a single-gun, 
tri-color receiving tube, and that details or the tube would 
soon be available.4 
On the third day or the hearings, the Radio TeChnical 
Planning Board (RTPB) issued its report including these 
rindings: 
These steps are necessary in setting up television 
atandarda: 
l-8et up basic engineering requirements ror commercial 
color television which will not impose a ceiling at a 
later date. 
2-Detailed standards capable or satisrying above 
re~uirements must be rormulated. 
1Broadcasting-Telecast1ng, December 16, 1946, P• 16. 
2see Chapter II. 
)Br9adcasting-Telecasting, December 16, 1946, p. 81. 
4s- Appendix II. 
\ 
)-Propagation information must be accumulated. 
4-Status of equipment development must be received 
in relation to system needs and proposed standards. 
Three-color system is capable of adequate color 
reproduc tion.l 
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The Director of the Westinghouse Electronics Division, 
Ralph Harmon, took the stand in behalf of CBS on Thursday 
afternoon. He testified that Westinghouse could manufacture 
all the necessary equipment for the field-sequential system 
~thin the next eighteen months. Later that afternoon, the 
first witness for the Radio Corporation of America was heard 
~rom. Dr. C.B. Jolliffe, executive vice-president of the RCA 
Laboratory Divisiou,. was on the stand for the major part of 
the afternoon. He outlined the progress RCA had made in the 
4evelopaent ot monochrome televisien, citing several instances 
~n which RCA had plafed the majol' part in the industry• s 
~regress in that field. He also spoke of the public's entnu-, 
aia .. for black-and-white television. QUestioned on RCA's 
simultaneous system, Dr. Jolliffe replied: 11The end result 
will be an excellent and practical system introduced without 
penalty to the existing service and 'WI. thout jeopardy to the 
investment of public and broadcasters in black-and-white 
television. 112 
other witnesses who testified that week were in accord 
~th RCA. They agreed that much research had been accomp-
lrbid. 
2sroadcasting-Telecasting1 December 23, 1946, p. 17. 
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lished in the field of monochrome development, but added that 
much more work was necessar,y, and that to consider color 
television at this time was inadvisable. At the end of the 
first week of the hearings, the FCC announced that formal 
hearings would recess until the third week in Januar,y. The 
time intervening would be spent in field testing of equipment 
by CBS and RCA. The Commission wanted to insure that the 
color television systems to be reviewed in the next phase of 
the hearings would be fully representative of the proposed 
color plans.l 
Although the hearings were in recess, the FCC was 
still quite active during the waning weeks of 1946. It was 
also during this period that two significant announcements 
relevant to research were made. ~le the Commission was 
visiting the DuMont Laboratories in Passaic, New Jersey, 
shortly before Christmas, DuMont announced the development of 
a new tri-color picture tube.2 Although Dr. Allen DuMont was 
an active opponent to the commercialization of color at this 
time, he regarded this latest discovery as one of prime im-
portance at this time to the industry. The tube was all-
electronic in nature, employing three electron guns in its 
base. Each gun was capable of reproducing the video signal 
in one of the three primary colors, and the three resulting 
libido 
2aroadcast1ng-Telecasting, December 23, 1946, p. 17. 
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signals were superimposed on the face of the cathode-ray tube, 
giving the full colored image. This tube, when incorporated 
into the standard television receiver, could reproduce either 
CBS or RCA color. The invention was named the "Tri chromo-
scope," and was significant in that it was the first major 
development in television receiver tubes since the end of 
World War II.l 
The second development occurred almost simultaneously 
with the DuMont invention. Dr. Goldmark made public the pro-
gress CBS had made on a new type of receiving tube, also of 
the three-color variety. In another demonstration for the 
FCC, CBS color was shown on a tube which used only a single 
electron gun in its base. Goldmark explained that there still 
remained much research to be done on this particular type of 
apparatus,2 but a spokesman for CBS at the demonstration 
remarked that the picture quality was "excellent."3 As the 
year ended, the FCC requested both RCA and CBS to prepare 
for a demonstration of their individual color methods for the 
record. The request stated that these demonstrations would 
be held sometime before the January segment of the hearings 
were completed.4 RCA and CBS complied, and each announced 
another demonstration scheduled to take place upon the re-
1
rbid. 2 See Appendix II. 
3Broadcast1ns-Telecastins2 December 23, 1946, p. 74. 
4Broadcastins-Telecastins, December 30, 1946, P• 18. 
sumption o£ the hearings in January. CBS's demonstration 
would include a New York-to-washington transmission, and RCA 
scheduled its demonstration at the David Sarnoff Research 
Center in Princeton, New Jersey.1 
The color hearings resumed on January 28, at the 
United States Court House in New York City, The Commissioners 
had gathered there to view the color demonstration set up by 
the Columbia Broadcasting System. The demonstration included 
a closed-circuit transmission o£ color slides, and live pick 
ups of fashion models. CBS, under Goldmark, was stressing 
the contrast factor as the most important improvement in this 
demonstration. The contrast of colors gave a muchbstter 
resolution and overall pickup. RCA officials who were present 
at the showings, dispelled the contrast factor, and stressed 
the brightness quality as being poor. It was argued that the 
brightness of the picture was more important than the contrast 
because the brightness level was essential in providing a 
good quality color picture under normal lighting conditions.2 
There was also a decrease in picture resolution, from 325 
lines to 250 lines, This, explained Goldmark, was because o£ 
the cable transmission from the CBS studios to the court house 
Also included in the demonstration was a comparison between 
CBS color and DuMont monochrome. Two receivers, one a CBS-
1Broadcasting-Telecasting, January 20, 1947, p, 18. 
2Broadcasting-Telecasting, February 3, 1947, p. 18. 
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adapted color set, and the other a DUMont black-and-white 
receiver, were placed side by side in the darkened room. It 
was noted that the DuMont receiver gave pictures which were 
much brighter when the lights were turned on in the court 
room. Dr. DuMont remarked that the CBS standards wore "totally 
inadequate. ill 
The next day, Wednesday, January 29, RCA showed the 
Commissioners its color system, using live pickups from Penn's 
2 ~eck, New Jersey. Comments on the color quality by the FCC 
~ere generally unfavorable, and an argument ensued between 
~drian Murphy of CBS, and E.w. Engstrom of RCA. Murphy made a 
~oint of the unevenness of the RCA color pictures, and Engstro, 
replied that the pictures were good in monochrome at the trans 
~itter.3 
CBS Petition Denied by FCC; Research Continues, 
One week after the conclusion of the hearings, the 
FCC handed down a decision on the CBS petition for wide-band 
color. The CBS request was denied on grounds that "optimum 
performance which may be expected for a color television 
system within a reasonable time," did not fit the CBS system,4 
There were two major reasons why the Commission denied the 
request. First, the field testing of the system was not ade-
1 Ibid., P• 71. 2 Ibid, p. 72. 3rbid.,p. 73. 
4Broadcasting-Telecasting, March 24, 1947 p. 14. 
q1ate. Second, and most important, the FCC was of the 
opinion that there would be other color television systems 
which would be developed soon, especially in view of the 
recent improvements in the science of electronics.l 
Another factor in the Federal Communication 
4.3 
Commission's decision was the uncertainty of the home 
acceptability of the CBS system. The field tests which had 
been successful were those which had been in the laboratories 
where controlled operations had been in effect. It was not 
really known how the system would deliver the color picture 
when transmission was attempted on a regular basis. 
The FCC also considered the wide-band transmission 
to be second-best to narrow-band operation. Sixteen 
~egacycles was consiaered much too wide for the transmission 
· of commercial color television. on this point, FCC 
Chairman Wayne Coy stated: "Efforts must be made to narrow the 
band-width required tor color television.n2 
The formal report which was issued is, in part, as 
follows: 
The Commission is of the opinion for the reasons 
which have been di•cussed that the petition ot the 
Columbia Broadcasting System should be denied. In 
reaching this decision, the Commission does not 
desire to minimize in any way the advances that have 
lsroadcasting-Telecasting, March 24., 194.7, p. 14.. 
2rbid. 
been made in the development of color television. 
On the contrary, the Commission is of the opinion 
that the Columbia Broadcasting System, Dr. Goldmark 
and the people who have worked under him are to be 
commended for their continuing interest in the 
field and for the great strides that they have made in 
this field in so short a period. 
The Commission, however, cannot escape the 
conclusion that many of the fundamentals of a color 
television system have not been adequately field 
tested, and that the need exists for further exper-
imentation along the lines noted above. It is 
hoped that all persons with a true interest in 
the future of color television will continue their 
experimentation in this field in the hope that a 
satisfactory system can be developed and demon-
strated at the earliest possible date.~ 
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Although the FCC decision was somewhat disheartening 
to all of those who had worked for the ultimate commercial-
ization of color, a new interest in both color and black-
and-white television was generated because of it. CBS was 
intent on perfecting an acceptable method of color television, 
and continued research work on its field-sequential system. 
The rest of the television industry, concentrating on 
monochrome, took a renewed vigor in the production of the 
black-and-white medium. This was caused by the assurance 
that color, at least color in the upper frequencies, had been 
defeated for good. 
The Radio Manufacturers Association viewed the FCC 
decision as one that certainly would once and for all 
remove the uncertainty that had held up production of 
45 
television equipment until that time.l 
1Ibid., P• 14. 
CHAPTER IV 
SECOND PHASE OF THE COLOR CONTROVERSY, 
1949-19$0 
RCA Introduces Dot-Interlace System 
During the time £ollowing the £irst series o£ color 
television hearings, the color systems which had been proposed 
by CBS and RCA were being tested and improved upon in the two 
corporations• laboratories. CBS was convinced that its 
mechanical £ield-sequential colors ystem was the best system 
available; however, some work remained £or the engineers in 
the per£ection o£ the system. The CBS system was considered 
inadequate by the Federal Communications Commission because of 
the broadcasting bandwidth, which at twelve megacycles, was 
considered muCh too wide £or low-band transmission. 
Adverse comment on the RCA Simultaneous Color Tele-
vision System pointed out the complexity o£ the camera, and 
the circuitry employed at the receiver, and noted particularly 
the need £or precise registration £or three images in these 
two areas. There were other doubts raised concerning the 
di££erent treatment likely to be accorded the three color 
signals during the span £rom the transmitter to the receiver, 
and the ability o£ the standard monochrome receivers to dis-
tinguish accurately between the red signal and the blue 
47 
color signals,.1 These questions were evidently to be settled 
only by field tests 1 but by the time the FCC had reached its 
decision against the field-sequential color system in March, 
1947, no time had been available for conducting such tests. 
So the "1946 simultaneous system11 went back into the labor-
atory. 
On August 25, 1949, RCA revealed its new all-electron· 
ic system of high-definition, compatible color television. 2 
The features o£ this new system, which was the climax of more 
than two years of intensive study and research engineering by 
RCA technicians, were many. The new color system was fully 
compatible, capable o£ being received on either the new 
color receivers or by the existing monochrome sets without 
mod1£ication.3 The feature of compatibility was obtained by 
using the same standards as the monochrome transmission. The 
scanning speed was 525 lines per frame, and sixty £ields per 
s~cond were transmitted.4 Another feature of this new system 
was that it operated within the six-megacycle channel band-
width, also an important development because of the shortage 
of frequency allocations Which had resulted from the freeze 
1This was important, in that in the early system o£ 
RCA compatible color, the red signal was used to broadcast the 
monochrome image, and if there was not much of a distinction 
between this red signal and the blue signal, then the compat-
ibility would be severely hampered. 
2 
Broadcasting-Telecasting, 
3Ibid. 
August 29, 1949, 
4rbid •• p. 39. 
p. 18. 
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which the FCC had imposed upon the industry in october, 1948.1 
The third, and perhaps most important feature of this new 
system, was that it was all-electronic. Unlike the CBS color 
system, EGA had no spinning disc, either at the camera or at 
the receiver.2 
Many new techniques were involved in this new color 
system advanced by RCA. Let us first consider those employed 
in the pickup md transmission of the colored image, and then 
those affecting the reception on home receivers of this image. 
The RCA color camera was much the same as the standard 
monochrome television camera, w1 th two important exceptions. 
Instead of only one "image orthicon" tube in the camera, there 
were three in the RCA color camera. Furthermore, each "image 
orthicon" tube was equipped with a filter of the transmission 
type, one for each primary color. The three signal voltages 
from these three pickup tubes was synchronized electronically, 
so that each signalwa~ capable of being superimposed upon 
the other to form the composite color signal.) 
In the transmission of this signal, the system em-
ployed the technique of "mixed highs," that is, a signal ex-
lBroadcasti~-Telecasting, October 4, 1948, p. 22A. 
The reason tor the :mpnsed freeze was to prevent an overcrowd-
ing of the spectrum, as had happened earlier in the days of 
radio. The freeze would be lifted only after an FCC set of 
standards had been formulated. 
2Broadcast1ng-Telecast1ng, August 29, 1949, p. 18. 
)Kaufman, P• 43. 
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tending in the video frequency spectrum approximately from 2 
to 4 megacycles which combined appropriate contributions from 
the red, blue and green primary color camera signals. This 
combined signal represented the fine details of the image in 
monochrome.l 
The lower frequency portions of the video spectrum 
from 0 to approximately 2 megacycles, representing the coarser 
details of the image, were transmitted by sampling the red, 
blue, and green camera signals in sequence. This part of the 
transmitted signal became a sideband to the already finely de-
tailed picture information. Added together, these two signals 
represented approximately six megacycles, the maximum amount 
allowed under the monochrome system.2 
The transmission of the color image also entailed 
another iaport111 t aspect of the new color system. In the 
colorplexer, a pre-amplifying device for the trm smitter, was 
located the heart of the new system. It was called a "matrix, 
m d was an electronic adding device. 3 very simply, the 
matrix switched on and off the collected signals from the 
three camera signals, selecting the right colored beam for the 
right scanning line during the right field each second. To 
accomplish this, the matrix switched these signals on and off 
lFink, P• 1,5. 
2rbid. 
3Kaufman, p. 43 • 
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at the approximate rate of 11.4 million times per second.l 
It was this device in the RCA system that replaced the color 
disc which CBS utilized. Thus the matrix takes the color sig-
nal, which is just a minute dot being scanned on 525 lines 
at the rate of sixty times per second, and selects in an ir-
regular pattern, the dots it wants to form the complete color 
picture. In this way, the video signals from all three tubes 
are strung together like trains made up of red, blue, and 
green freight cars, and sent over the air on one wave bsnd. 
At the same time these color signals are being selected from 
their respectiv~ tubes, the same samples are fed into another 
unit of the matrix which encodes or combines them to produce 
the signal which is carrying the hue and saturation informa-
tion. This color representing signal is then combined with 
the lower frequency, or brightness signal alreaiy mentioned, 
and the complete color signal bas been formed. Although the 
color signal and the brightness signal are transmitted to-
gether, they do not interfere with each other.2 
The question may now be asked how all this video in-
formation, compressed into the six megacycle bandwidth, is 
acceptable for home reception. The limitation of the human 
eye is made use of in this color system, where the channel 
space is conserved by including all the tine details of the 
~mage, whatever their hue and saturation, in the medium and 
large areas of the picture. Consequently, the color signal 
needs to be only a fraction of the bandwidth to satisfy the 
eyers need for color information. As was pointed out already, 
further saving is achieved by blending the color signal and 
the brightness signal, thereby saving space within the band-
width, and permitting the complete signal to be transmitted 
within the six-megacycle channel.l 
The third and last important development in the new 
RCA color system was the manner in which the receivers were 
fed the color signal. The writer will discuss two aspects 
here: first the feature of compatibility; and second, the 
color receivers themselves and the manner in which they re-
ceived the color signal. 
In the discussion of signal transmission, the writer 
pointed out that the color signal was transmitted in two por-
tions on the video frequency. One portion contained the 
brightness signal, and the other contained the color inform-
ation signal. Both were transmitted simultaneously, yet 
separately. In reception of the signal on monochrome recei-
vers, only the brightness signal was received. The color in-
formation, having no decoder in the receiver to enter, was 
just cast aside by the monochrome sets. The brightness sig-
nal, containing all the necessary information for good black-
and-white reception, did enter the receiver, resulting in 
the standard black-and-white picture on the home screen, and 
this important achievement was named "compatibility. 11 1 
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If however, the color signal was being received by a 
color receiver, then both parts of the signal waveform were 
used by that set. The brightness signal was utilized in 
giving the basic monochrome picture of standard resolution, 
and the color signal, when added, resulted in a color picture 
ot high defin1tion.2 The color encoder in the receiving set 
worked on the same principle as the matrix in the colorplexer. 
Each small bit of color information was fed into this encoder, 
and the appropriate dot was directed to the exact spot on the 
exact scanning line during the appropriate field period. The 
sets were equipped with three kinescope tubes, each having a 
phosphor surface which reflected color in one of the three 
primaries.3 Thus there were three picture tubes in each re-
ceiving set; a red tube, a green tube, and a blue tube, The 
three colored images that were formed on these tubes were pro-
jected through a means of a mirror system to a screen on which 
the complete color picture appeared. The mirrors within the 
receivers were a special type, called "dichroic m1rrors.n4 
lrbid. 
2Hazeltine Laboratories, p. 3. This principle of high 
definition color produced by low definition color added to 
standard resolution monochrome was actually developed by the 
Hazeltine Laboratories staff. 
3Fink, p. 1_5, 
~.~. ....... f'nu>n n h.~. 
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They had the peculiar property of reflecting certain colors, 
while at the same time permitting others to pass through. 
It was this mirror system that superimposed the three primary 
color pictures together on the face of the RCA projection-
type receiver. 
These then, were the technical aspects of the revolu-
tionary new color system announced by RCA in August, 1949. 
The sharp pulses lhich represented the primary color signals 
in the system, produced a series of dots, in the respective 
colors, along each scanning line of the combined image. The 
property of this image gave the system its name, "dot-sequent-
ial."l The development of this system was to become an im-
portant aspect in the color hearings which followed, because 
it presented, for the first time, a color system which offered 
formidable opposition to the CBS field-sequential color sys-
tem. 
EVents Preliminary to the Color Hearings 
The announcement of the new RCA color system occurrec 
at a time when both RCA and CBS were preparing themselves for 
the UHF-VHF television hearings which the Federal Communicatio~s 
Commission had announced would begin on September 26, 1949.2 
These hearings were scheduled by the Commission in order to 
l~ink, p. 15. 
2Broadcasting-Telecasting, August 1, 1949, p. 43. 
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resolve the television allocations problem created by the un-
certainty of the use of color and the ultra-high-frequency 
range of the video spectrum. In october, 1948, the FCC had 
imposed a "freeze" on all television allocations and con-
struction permits for new television station, for it feared 
an overcrowding of the spectrum would result, much in the 
same way that had occurred in radio broadcasting.l 
Both CBS and RCA were preparing for the color hearing: 
during the spring and summer of 1949, by conducting field 
tests of their particular systems, and by demonstrations of 
the methods used. In JUne, CBS transmitted on a closed-cir-
cuit, the entire proceedings of the convention of the Americ~ 
Medical Association.2 The convention site was Atlantic City, 
New Jersey, ani the colorcast was beamed by microwave to the 
convention's headquarters in Philadelphia, a distance of near· 
ly 100 miles. The transmission was over the six megacycle 
standard bandwidth. smith, Kline and French Laboratories, a 
pharmecutical firm in Philadelphia, supervised the demonstra-
tion.) Also included in the demonstration was a coloroast 
shown at the University of Pennsylvania hospital. When asked 
for comment in the field-sequential system Dr. Goldmark would 
not make any definite statement.4 
lBroadcasting-Telecasting, October 4, 1948, p. 22A. 
2Broadcasting-Telecasting, JUne 6, 1949, p. 30. 
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By Aug11st, each company had announced its plans for 
the field tests which the FCC has requested. The FCC author-
ized RCA to conduct color tests on its washington affiliate, 
WMAL, and CBS was authorized to begin colorcasting over its 
New York outlet, VCBS-TV, during the early morning hours.l 
Later that same month, CBS further tested its color system 
by transmitting color from Baltimore to washington, a distance 
ot 35 miles. The telecast was seen in Baltimore by the Radio 
Manufacturers Association and the Institute of Radio Engin-
eers, and in Washington by the Bureau ot standards and the 
Federal Communications Comm1ssion. 2 Once again, Smith, Kline 
and French Laboratories staged the tests. At this time, the 
press reported that CBS was looking tor a manufacturing firm 
to produce the necessary equipment tor its color video. The 
Zenith Radio Corporation, the Webster-Chicago Corporation, and 
Smith, Kline and French Laboratories were all named as possibl 
choices in the report; however, SK&F repudiated the possibilit 
ot its joining CBS in a color venture.3 CBS officials would 
not make any definite statement concerning manufacturing 
plans, nor would they comment on the new developments in the 
color systam.4 
CBS President Frank Stanton appeared before the FCC 
lBroadcasting-Telecasting, Aug11st 1, 1949, p. 43. 
2Broadcasting-Telecasting, August 22, 1949, p. 40. 
3rbid. 4rbid. 
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an effort to clear away some of the problems confronting CBS 
at this stage of the controversy. The problems outlined by 
Mr. Stanton were these: (1) rival manufacturers were display-
ing a definite reluctance to produce either converters or ad-
apters for use with the CBS system, (2) CBS could not produce 
color receivers for the FCC demonstrations because of the 
expense involved, and (3) there was another cost problem 
which would prohibit CBS from providing a sufficient number 
of converters for the field tests. These problems of cost, 
Mr. Stanton added, would be fully analyzed and submitted to 
the FCc.l 
Three weeks later, RCA announced plans to begin tele-
casting shows from its Washington outlet, WNBw,2 CBS issued a 
statement of approval of the new RCA system, but outlined the 
following factors .to be considered by the FCC in reviewing the 
system: (1) the performance of the system, (2) the cost of 
adapting present receivers to reproduce RCA color, (3) the 
cost of future television receivers, (4) the cost of convert~ 
ing future monochrome sets which would be capable of reproduc-
ing RCA color, and (5) the cost of transmitting equipment 
needed to put RCA color on the air.3 
one week before the FCC opened the hearings on color 
laroadcasting-Telecasting, August 29, 1949, p. 53. 
2Broadcasting-Telecasting1 September 19, 1949, P• 48. 
3Ibid., P• 60. 
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~elevision, a third color system was announced, and its pro-
ponents filed for participation in the hearings.l Color 
Television Incorporated, a San Francisco firm, had been con-
ducting its own field tests on a new color system for several 
months, and found that the system operated satisfactorily 
wnder most conditions. The tests consisted mainly of test 
pattern transmissions in color over station KPIX in San Fran-
cisco during the early morning hours. The system was a compat' 
~ble one, so that the color broadcasts had no effect on 
monochrome reception. Arthur Matthews, head of CTI, said 
that nothing revolutionary had been demonstrated, and that the 
tests were being conducted only to accumulate engineering 
~ntormation.2 The CTI system, which will be explained later 
.n this paper, was not very different from the RCA system. 
Second Color Hearings, Sei>tember 1~49 - october 1950 
The color hearings started at 10 A.M. on Monday, Sept-
ember 26, 1949, in the Commerce Department Auditorium. The 
~irst three weeks had been set aside by the FCC for color 
~elevision issues. Also to.be considered were VHF-UHF allo-
cations, (actually the most important subject on the FCC's 
agenda), stratovision, educational television, and equipment 
facilities for broadcasting stations. The Commission expected 
lBroadcasting-Telecasting, September 26, 1949, p. b5. 
2rbid •• p. 66. 
. 
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to spend a minimum of six weeks to two months on the overall 
hearings.l However, it required eight months, 9, 717 pages of 
transcript, 53 witnesses, 234 exhibits, and eight demonstra-
tions to finish the task. 2 Hearings were held in two phases. 
The first phase was from September 26 until November 22, and 
the second phase lasted from February 20 until May 26. Sixty-
two days of actual hearings were completed. 
The first witness to be heard was Donald Fink of the 
Joint Technical Advisory Committee. He stated that color 
television was not yet ready for standardization, and that 
prior to aDf standardization in the future, a six month test 
period should be required. He also advocated the lifting of 
the "freeze" and the allocation of UHF channels.3 
Another witness was Raymond Cosgrove of the Radio 
Manufacturers Association. RMA wanted the establishment of 
industry standards by a group such as had promulgated the 
monochrome standards earlier.4 The adoption of the non-
compatible system, he stated, would: (1) render the present 
black-and-white receivers obsolete, (2) undermine the public 
confidence in the industry, and (3) force several television 
stations ott the air.5 
lFink, P• 9. 
2rbid. 
3Broadcasting-Telecasting, October J, 1949, P• 50. 
4tbid. 5Ibid. 
59 
The hearings were three days old before RCA was called 
to the stand. The FCC, caustic toward the industry's position 
on non-compatible color, found many touchy points in the RCA 
testimony. The most controversial subject in the RCA testi-
mony was the availability of engineering data on field tests 
which RCA was conducting. The FCC wanted to know why this 
information had not been submitted as requested. The RCA 
counsel replied that information was not available at that tim 
because the extensive tests which RCA was conducting were not 
completed. The FCC, suspicious that the industry was willing 
to forget color television and go ahead with the monochrome 
development only, warned the RCA counsel not to "kid the 
government agency.nl This color delay probe was carried on 
by Commissioner Jone1 throughout the hearings, and he even 
dissented in part in the final opin1on. 2 
On October 6 and 7, 1949, CBS held official demon-
strations of its color system in Washington. With the except-
tion of the size of the picture, most observers could not see 
how the color pictures could possibly be improved. Bright-
ness, linearity, flicker, resolution, and fidelity were all 
ideal; however, there were one or two adverse comments on the 
picture quality. Some observers commented that as CBS 
lrbid. 
2u.s., Federal Communications Commission, First 
Report ot Commission {Color Television Issues,) FCC Document 
1.50-10b41 sepliemoer J., J.';I!;>U, A-J.J. 
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shifted its line transmission from 4 to 2.7 megacycles, poorer 
detail resulted.l CBS also colorcast a baseball game to 
demonstrate the quality of color on remote pickups. The color 
~uality remained the same, with no flicker or breakup 
!noticeable. 2 
Three days later, on October 10, 1949, RCA demonstrate< 
~ts new all-electronic compatible color system. In 
practically every respect, RCA color was as poor as CBS color 
~ad been good three days before. The equipment was very 
complex and costly. The bulky colorplexers, cameras, and re-
ceivers were rushed through from the RCA Camden Laboratories 
~n seventy-seven days at a cost of $5oo,ooo.3 RCA tried to 
excuse the poor showing by stating that at least six months 
~ore were needed in order to properly field-test the system. 
~or its demonstration, RCA combined live pickups with film. 
The color was disappointing. The picture resolution was very 
boor, and the color registration was worse. The colors seemed 
~rtificial and •ran" as quick movements were made. The 
!ambient light (normal room light) was less than usual, but 
still the pictures appeared always to show a very definite 
lack of brightness.4 
lBroadcasting-Telecasting, Ocotber 10, 1949, P• 56. 
2rb1d., p. 78. 
3Broadcasting-Telecasting, Ocotber 17, 1949, P• 47. 
4rbid. 
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During the hearings of the week of October 13, 1949, 
the FCC announced that it was rescheduling the events in the 
hearings. The new schedule called for three and one half day 
of hearings per week until the end of the month. During the 
first week in November, the Commission scheduled a visit to 
san Francisco to view the demonstration that CTI was preparin 
for entry into the official record. After a review of the 
CBS and RCA systems, the cross-examination was scheduled to 
begin on December 5.1 
As the hearings continued during that first week in 
October, Dr. Peter Goldmark took the stand for CBS. Goldmark 
was sharp in his criticism of the new RCA color process. He 
stated that the dot-sequential system forced the viewer to si 
ten feet from the receiver, at picture height. He concluded 
his criticism by saying that the RCA system did not need to 
be field-tested at all. There was nothing that could be done 
to improve it.2 
Color Television Incorporated, the third proponent 
for a color system, stated that its system of color reproduc-
tion was simpler than either RCA's or CBS•s. Charles w. Part 
ridge, a m~ber of the CTI executive board, reported that the 
fir.m was undertaking to develop a method of color that would 
be received on monochrome sets as well as color receivers.) 
The new color receivers would be capable also of receiving 
any system of color, field sequential, dot-sequential, or 
lrbid. 3rbid. 
line-sequential. A short description of the CTI system, as it 
ultimately developed, is as follows: 
CTI uses a conventional image-orthicon camera, 
adapted to insert a dichroic lens assembly between 
the camera lens and the kinescope. The camera tube 
shows three images, side by side, each one in black-
and-white after having passed through the three-
element dichroic lens. These images are about two 
inches in size. 
The three image frame is transmitted normally 
via a black-and-white transmitter, using a special 
studio switching assembly. 
The projection receiving set is modified to use 
a seven-inch picture tube which has separate red, 
green and blue phosphor sections. This tube replaces 
the normal tube in the projection sets. The regular 
projection system is removed and in its place CTI 
uses three small projection lenses, each mounted 
above one of the three two-inch images that appear 
simultaneously on the face of the tube. 
These adjustable lenses throw three pictures that 
converge on the llxl4 screen, with the colors 
supplied by the three different phosphor sections 
on the receiving tube face. 
Late in October, RCA asked the FCC for a two month 
delay of comparative demonstrations. RCA stated the showings 
should not be held until all three color systems could be seen 
at one time, including the CTI system.2 Granting the RCA 
request, the FCC postponed its scheduled visit to San Fran-
cisco, and rescheduled direct testimony hearings through the 
tenth of November. 
As the color hearings moved into the sixth week, 
tempers were starting to wear thin. DUMont officials wheeled 
one of their own receivers into the hearings room one morning 
1sroadcasting-Telecasting, February 20, 1950, P• 77. 
2 Broadcasting-Telecasting, October 24, 1949, p. 42. 
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to demonstrate the clumsiness of the color wheel. The re-
ceiver had been converted to CBS color, and in order tog et a 
color picture on the 20-inch tube, DuMont had constructed a 
gigantic four and one half foot color disc. The disc was 
attached to the DuMont set, and completely covered it, extend-
ing far out to one side. Chairman Coy was displeased at this 
antic, and commented, "We are not in the side-show business."l 
Commissioner Jones summed up the problem the FCC was facing 
in its quest to find the correct color system by asking, 
"Should three million set owners stop the rest of the u.s. 
from having color television, even with an adaptable system?" 2 
The next witness to take the stand was Dr. Allen B. 
DuMont. He testified that the uncertainty over color and the 
UHF problem had forced a cutback in his manufacturing firm's 
production of one-third. He further testified that at least 
ten to twenty years would.have to elapse before a satisfactory 
system of color could be achieved. He denied that the mm-
ufacturers were holding back the progress of color television 
for their own sel!'ish interests. He disclosed that DuMont 
itself was working on several experimental color systems.3 
ThUS, the direct testimony ended a!'ter seven weeks, after 
having been e~ected to last only three. 
rn:'necember, a further delay or the color hearings 
1Broadcasting-Te1ecast1ng, October 31, 1949, P• 45. 
2Ibid., p. 55. 3Broadcasting-TE!lecasting,November7 ,19~ ~ 
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progress occurred. The FCC postponed the resumption oft he 
hearings as a result of two petitions made to it. CBS asked 
the Commission for a two-week delay, explaining that the 
color transmitting equipment needed for the demonstrations 
would be in use under a prior committment it had made with 
the American Medical Association. The Radio Manufacturers 
Association also asked for a delay, asserting that its board 
members could not attend because of the annual board meeting 
in Chicago. The FCC recognized the two organizations' re-
quests, and fixed the new dates for the hearings at February 
20 for the color demonstrations, instead of February 6, and 
February 
February 
27, for 
l 13. 
the resumption of the hearings, instead of 
In January 1950, Robert F. Jones, FCC Commissioner, 
speaking at an AMA luncheon, threatened that a possible anti-
trust suit could come about as a result of the color hearings, 
Commissioner Jones also said: 
It's strange to me that some of these manufac-
turers who have made phenomenal profits from the sale 
of black-and-white receiving sets have spent little 
or nothing on color research of their own or in field 
testing the systems proposed by others, Instead of 
offering us the results of field tests, we are offered 
new forms of advisory committees--committees which 
are but part of a general sCheme which frequently 
reminds me of the interlocking directorates the pub-
lic utilities used in the heyday of that industry. 
No matter where the Commission turns to get ad-
vice to help solve its engineerihg problems, the same 
large industry interests are represented in one form 
or another. These industry advisory committees could 
l Broadcasting-Telecasting, December 12, 1949, p, 56. 
serve a wonderfUl function it they did the job they 
purport to do. But I am atraid that frequently the 
record establishes not the advancement of the art 
but the delay or even suppression ot the art. 
I need not remind you that the Justice Dept. 
has taken steps to use the anti-trust laws where 
it appeared that an art was being suppressed for the 
advancement ot private interests and to the 
prejudice or the interests ot the American people. 
Concerted action by these industry groups to delay, 
it not to prevent, the establishment of color 
television might well lead to the same type of action.l 
t was clear then, that the FCC knew the problems it had to 
~ace in order to bring about a settlement of the color ques-
tion. 
Late in January, 1950, CTI held its first demonstra-
~ion ot its new color television system.2 The name ascribed 
~o this new color method was "line-sequential," so that there 
~ere three systems now in competition: field-sequential (CBS), 
clot-sequential (BCA), and line-sequential (CTI). The televillic 1• 
dealers in San Francisco protested that color television would 
harm the sales of monochrome sets; however, the demonstrations 
~ontinued. The colorcasts were carried by a local television 
~tation,· KPIX, and receivers were placed in the lobbies of 
~otels and other public buildings. The conventional monochrome 
~ets in the homes received no interference with their viewing 
rrom the demonstrations, and comments ot viewers at the 
showing were generally favorable.3 
lBroadcastias-Telecastias, January 23, 19$0, P• o8. 
2Broadcastin~-Telecastie&, January 30, 1950, P• b2. 
3rbid. 
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At this same time, both CBS and RCA were holding 
public demonstrations of their own color television systems 
in Washington, D.C. The first public demonstration of CBS 
color was at 11 &1 on January 12 in the lobby of the Walker 
Building. Showings were held twice daily during the week.l 
The RCA system was being shown daily also. Some improvements 
were noticed in the RCA color because of two new devices 
which had been recently developed. The RCA system now boasted 
automatic synchronization and phasing, both of which were 
designed to keep color breakup at a minimum. 2 Previous to 
this development, the "locking in" of the colors had to be 
accomplished manually by an engineer, but this was now taken 
care of by the automatic device. The color shown did not 
wander nor did the hues deteriorate. However, some trouble 
was still apparent in the dichroic mirror system, which caused 
all the pictures to be surrounded by a green haze.3 
During the last week in February, the FCC held the 
comparative showings, as had been scheduled. RCA, CBS, and 
CTI all brought equipment to the FCC laboratories. Each pro-
ponent gave a demonstration of its system, and RCA and CBS 
were confident that each had done the best job; however CTI 
petitioned the FCC for another showing because an equipment 
1 Broadcasting-Telecasting, January 16, 19SO, p. 49. 
2Broadcasting-Telecasting, February 13, 19SO, p. 64. 
3Ibid. 
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breakdown showed their color poorly. CTI argued that the 
equipment was somewhat in disrepair cbecause it had been ship-
ped across the country.l 
As the hearings wore on through the month or March, 
only one signiricant development was announced. RCA said it 
had perrected a direct-view tri-color tube, and that the d a-
tails or the tube and its construction would be available in 
2 
a rew weeks. No further significant developments occurred 
in March. The main portion of the hearings was given over to 
arguments between the FCC and RCA, and among the three color 
petitionees. Both RCA and CTI stated that their particular 
system was ready to be drawn up asa standard.3 CBS brought 
rorth new demands to have its system adopted promptly. CBS 
further stated that it had developed a method or dot sampling 
Which could be used in its present system. This new methcd 
would double the picture resolution to the rull 525 lines.4 
RCA, commenting on this latest CBS development, was highly 
critical of its competitor. Dr. c.B. Jollirre, Vice-President 
~roadcasting-Telecasting, February 27, 1950, p. 53. 
2 Broadcasting-Telecasting, March 6, 1950, p. 49. 
3Ibid. 
4sroadcasting-Telecasting, March 20, 1950, p. 57. 
This development brought the CBS system a step closer to com-
patibility, since the 525-line resolution was the same as in 
monochrome; however, CBS still had an incompatible system b a-
cause the field rate did not correspond to the monochrome 
system. 
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1n charge of the Laboratory Division of RCA, remarked that it 
was significant now for CBS to adopt the RCA standards, but 
that CBS still lacked the necessary ingredient for adoption--
compatibility. Adrian Murphy, CBS vice-president, called 
this remark a "sheer affrontery11 and stated that CBS was not 
adopting anyone's standards. Murphy went on to say that it 
would be the CBS system that would be ultimately accepted 
becawie of the drawbacks "inherent in the RCA system. 111 
During the last week of testimony in March, RCA un-
veiled its new tri-color tube. Called the "RCA Shadow-Mask 
Tri-Color Kinescope," it was designed to replace the 
dichroic mirror system which was being used 
Which RCA had proposed as part of its color 
in the receivers 
~ television system~ 
CBS President Stanton welcomed the advent of the tube and 
disclosed that he would like to incorporate it into the CBS 
color system. RCA President Sarnoff remarked that even with 
the tube, CBS still would not be able to put together a 
satisfactory color method. Sarnoff praised his engineers and 
said that the CBS wheel "now belongs to the ages." 3 
During the second week of cross-examinations, (week 
of April 12, 1950) E.W. Chapin, Chief Engineer in the FCC 
1 Ibid., p. 67 
2-
Broadcasting-Telecasting, April 3, 1950, P• 44• 
For a full description of the RCA tube, and the other tri-
color tubes Which have been developed, see Appendix II. 
3jlli., p. 56. 
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Laboratory Division, gave his report on tests which he and 
his associates has made on the color systems. Chapin report-
ed that the CBS system was technically superior to the RCA anc 
CTI systems. RCA was more prone to outside interference than 
CBS, and CBS color surpassed that of the other two systems in 
picture brilliance, color uniformity, color faithfUlness, 
registry, and definition. Chapin also demonstrated for the 
record, an automatic adapter he had developed which would 
allow the present monochrome sets to see CBS color programs.1 
Chapin estimated the cost of the adapter at between four and 
twelve dollars. 2 
During the third week of cross-examination, CBS 
President Stanton testified that most of the manufacturing 
firms were reluctant to make CBS color equipment. He suggest-
ed that the FCC make these firms manufacture the CBS color 
equipment. Failing that, he declared that CBS would find its 
own manufacturing firm to produce the necessary goods.3 
In New York during the last week in April, CBS final-
ly demonstrated its new method of color television, using an 
1 Broadcasting-Telecastin~, April 17, 1950, p. 157. 
The difference between a color a apter and a color converter 
is simply this: the adapter allows the monochrome receiver to 
see the CBS color programs in black-and-white, instead of a 
scrambled picture, and the converter allows the set to re-
ceive CBS color.programs in color. 
2~. 
3Broadcasting-Telecasting, April 24, 1950, p. 69. 
1 
electronic process. The method consisted of a horizontal 
10 
interlace technique, which gave the CBS color pictures the 
same resolution as the monochrome. TheSlfstem also employed 
a one-gun, three-image projection-type picture tube similar 
to that of CTI's. The demonstration consisted of the CBS 
field-sequential system being showed without the interlace, 
and then the interlace being switched on. The showings were 
very impressive, and even Dr. Allen B. DUMont was impressed 
with the system, DuMont stated he would make CBS equipment; 
however, he still insisted on compatibility for a commercial 
color system. 2 
The next major development in the color hearings 
occurred when RCA President David Sarnoff testified. His 
testimony during the cross-examination was the longest in the 
record, lasting for two days and one evening. 3 Sarnoff first 
outlined the policy RCA would follow after the FCC had reached 
a decision on which color system to adopt as standard. If the 
RCA system were approved, he said, then RCA would make one 
thousand sets a month, starting in June, 1951. When asked 
what policy RCA would follow in ~e event of an approval of 
the CBS system, Sarnoff replied that RCA would manufacture 
all parts needed for the reception of CBS color, except that 
1Broadcasting-Telecasting, May l, 1950, p. 49. 
2 
Ibid. 
3Broadcas,ting-Telecasting, May 8, 1950, p.L~9 
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RCA would not place the converters or adapters into the sets 
at the assembly line. If the CTI system were accepted, RCA 
would follow the same manufacturing program it would have 
followed had RCA itself had its system approved. In the event 
of multiple standards becoming adopted, Sarnoff answered that 
RCA would manufacture and sell receivers capable of picking 
up color from each system to be adopted.l 
Sarnoff testified that if the FCC approved the CBS 
system, there would be no need for compulsion to have the 
manufacturers produce the receivers. "It goes without saying," 
he remarked, "that no committment or compulsion would be need-
ed to sell the public the 1 best• system.•2 Sarnoff also 
stated that he considered the FCC "competent" in the decision 
of standards and that there was no need for another National 
~elevision System Committee. This, he thought, would only 
delay matters.3 
Questioned by Commissioner Frieda Hennock about the 
~TSC, Sarnoff replied that the FCC "has worked industriously 
on color for nine months, 11 and that he thought, in accordance 
with historic precedent, "it was time for something to be 
born.•4 
Sarnoff was next cross-examined by FCC patent 
attorney, William Bauer, on the RCA patent structure. He 
yestified that the RCA patent structure was thoroughly re-
3rbid. 
-
libido 1 P • 54. 
-
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viewed by the Justice Department in 1932, and was reaffirmed 
by the courts in 1942. Questioned on the patents at length, 
he replied: 
I believe that the beneficial nature of RCA's 
licensing policies are apparent from the assistance 
which the industry has received as a result of these 
policies. 
I believe that it will be conceded by all con-
cerned that we would not have the highly competitive, 
higbly successful television industry that we have 
today were it not for the affirmative assistance 
which the RCA has made available through its patent 
licenses and otherwise •••• RCA needs to acquire many 
patent rights to avoid infringement suits and to 
assure its engineers comp!ete freedom of action in 
their developmental work. 
Attorney Bauer wanted to know whether RCA didn't ac-
quire the Farnsworth patents because RCA needed them in order 
to maintain a position whereby licensees could get all the 
necessary television rights from RCA. Bauer asked why RCA had 
put itself into a position of dominance in the industry. 
Sarnoff protested the conclusion of Bauer's question. He 
stated that RCA's patent experts had advised him that they 
needed the Farnsworth patents and that arrangements were made 
to acquire them. He also objected to the use of the word 
"dominance" with reference to RCA and resented the insinuation 
about RCA's practices and position. He replied that RCA 
spent vast sums of money for research and development. 
out of this, he said, comes "leadership," and with leadership 
within the industry comes "recognition." Sarnoff answered 
1Ibid., p • .54. 
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that he thought that the RCA had taken a position of leader-
1 
ship rather than dominance. 
Judge Rosenman, chief counsel for CBS, then put the 
RCA President through. a long series of questions designed to 
show similarities between the developments in the 1946-1947 
controversy, and those in the present proceeding. Rosenman 
declared his purpose to be to show that RCA's sole purpose 
had been to "rush ltn after CBS, 11 and block the CBS color 
system. 2 Sarnoff hotly replied that since the CBS counsel 
showed that Columbia doubted his good faith, he would make a 
charge he had originally intended to pass over, that CBS color 
was intended to "retard monochrome development."3 As the 
testimony reached the third evening, Sar.noff stepped down, 
promising to cooperate when the FCC handed down a decision 
on color television, no matter in whose favor the decision 
lay. 
One of the few remaining witnesses to appear before 
the FCC was Dr. Peter Goldmark. He testified that Sarnoff 
overlooked and minimized RCA's problems in histestimony. 
Questioned about the CBS color wheel, Goldmark replied, "The 
disc is not a harness, but a starting point for a practical 
and inexpensive home color television system."4 He defined 
color fidelity as having three major components: (l) aolor 
1Ibid., P• 55. 2Tbid. 3rbid. 
~roadcasting-Telecasting, May 15, 1950, p. 63. 
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faithfulness at a given point in the picture, (2) uniformity 
of color over the entire screen, (3) stability under home 
1 
conditions over a long period of time. Goldmark ended his 
testimony by calling the RCA system 11 incompatibJB" because of 
the presence of aural and visual noise. 2 
During the week of May 15 1 the Commission traveled 
to San Francisco to view the demonstration of the CTI color 
system. The general opinion of the observers was that the 
CTI system was greatly improved over the Washington showing.3 
CTI President Matthews cited his opposition as being "mono-
polistic," and "non-compatible." The former remark was di-
rectedat RCA. Matthews criticized RCA for being both a 
patent licensor and competitor. He also criticized the fact 
that RCA had acquired over 9 1 000 patents within the broadcaar 
ing industry, and called NBC monopolistic. Of CBS, i'Iatthews 
said that Columbia would cost the public $500 million .. for the 
shift to color. Matthews avowed that CTI had the only sub-
stantially good system of color television.4 
When the FCC returned from California, there was only 
one witness remaining to be heard before the hearing ended. 
1
rbid. 
2rbid. Aural noise refers to interference in the 
audio portion o:f the reception, sudl as static. Visual noise 
refers to interference in the video signal, such as "snow," 
"flopover," "ghosts," etc. 
)Broadcasting-Telecasting, May 22, 1950, P• 45. 
4rbid. 
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Colonel William Lippincott, patent attorney for CTI, called 
the CTI system the most reliable of the compatible systems. 
He explained that the synchronizing signal which was used in 
the CTI system was the most applicable to line or field se-
quential color systems. 
Lippincott also cited the technical 
RCA system, and called the RCA patent power 
problems of 
l 
appalling. 
the 
The 
attorney stated that CTI would welcome multiple standards on 
an experimental basis. 2 
After all the testimony had been concluded, the FCC 
issued a statement calling upon the three color proponents to 
file their findings and conclusions relating to their own 
systems with the FCC. These findings were to be filed with 
the government agency not more than twenty days after the 
hearings concluded on May 26, 1950. In the order, the Comm-
ission called for precise statements regarding policies in 
the following areas: 
1. standards of transmission. 
2. proposed specific rules and regulations, 
) •• recommended policies on compatibility. 4 policies on converters and adapters. 
5. patents 
6. desiribility of establishing standards 
7. minimum and maximum hours of colorcasting. 
8. the haudling of the transition from monochrome to 
color.J 
1Broadcasting-Telecastirg, May 29, 1950, p. 61 
2rbid. 
3Broadcasting-Telecasting, May 15, 1950, PP•' iJ), .. 6y.. 
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FCC Arrives at Decision to Adopt the CBS Color Method 
on July ll, the FCC began its contemplation of the 
problem of selecting a commercial color television system. 
BCA, CBS, and CTI had submitted their color findings to the 
Commission, each demanding that the color plan it proposed be 
adopted. RCA criticized the CBS method as being weak and 
cited the cost of converting to the CBS color system. In the 
CBS file, which contained over 100,000 words in 368 pages, 
Columbia declared its system to be superior in every respect--
performance, cost, availability, and harmonious co-existence 
with monochrome. CBS also attacked the industry as being 
"inconsistent with respect to the question of compatibility."l 
On July 14, 1950, the Senate Advisory Committee on 
Color Television issued its report to the FCC. 2 This committe 
had been appointed in June, 1949, by its chairman, E.U. 
Condon, the Director of the National Bureau of Standards, in 
response to a request by Senator Edwin C. Johnson of Colorado, 
Chairman of the Senate Committee on Interstate and Foreign 
Commerce.3 In a letter to Condon dated May 20, 1949, Johnson 
said: 
KJ objective, and the objective of the Senate 
Committee on Interstate and Foreign Commerce, is to 
encourage development of the radio art and to press 
lsroadcasting-Telecast1ng, July 3, 1950, P• 64. 
2Broadcasting-Telecasting, July 17, 1950. P• 44. 
3rbid. 
for a Nation-wid,, competitive television service in 
the public interest •••• 
We are anxious, also, to reduce as much as possible 
any sharp impact on both station licensees and the 
general public, who already have invested one-half 
billion dollars in receiver sets, of any sudden but 
eventually necessary conversion to color. • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • 
It has occurred to me, therefore, that at this 
juncture you could be most helpful in giving this 
committee sound, impartial, scientific advice. I am 
anxious that you individually, or in association 
with a small group of scientific persons of repute, 
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none of whom are employed by or have any connection 
directly or indirectly with any radio licensee or 
radio-equipment manufacturer, shall investigate officially 
this matter for the committee. 
Specifically, I would like you and your group 
to visit the laboratories of the Radio Corp. of America, 
Columbia Broadcasting System, DuMont, and any others 
engaged in color television research and development; 
confer with their engineers; witness demonstrations; 
ask questions, a 11 with the purpose of coming t o a 
definite opinion as fo the present stage of development 
of color television. 
Throughout the hearings, the Senate Advisory Committee 
~iewed the demonstrations held by RCA, CBS, and CTI, and con-
~ucted its own field tests on the three color systems. At its 
jneeting of Harch 11, 1950, the committee met with Senator 
~obnson and discussed the matters pertinent to the report. 2 
jrhe final report, approved unanimously at the meeting of the 
bommittee, July 5-6, 19$0, was presented to the FCC on July 14. 
~e report contained the following conclusions: 
lu.s. Congress, Senate, Committee on Interstate and 
i;.oreign Commerce, The Present Status of Color TeJ.e vision, 
report of the Advisory Committee on Color Television, 81st, Cor. • 
~nd Sess., 1950 pp. III and LV 
2 Ibid., p. 2. 
3Ibid. This committee was called the Condon Committee. 
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1. A six-megacycle radio-frequency channel is adequate 
for color-television service and represents a proper 
compromise between quality and quantity of service. 
2. The three systems of color television herein described 
comprise all of the basic systems of color television 
which need be considered for a 6-megacycle channel. 
3. The three systems are mutually exclusive. One, 
and only one, of these systems must be chosen in 
advance of the ina~uration of a public color 
television service. 
The FCC was not bound by these findings; however, 
!regardless of how it approached the problem, the Committee's 
~ecommendations presented these three alternatives: (1) ap-
proval of one of the three systems, (2) postponement of the 
~stablishment of definite standards until further progress 
~ad been made and fieil.d. tested had advanced, and (3) multiple 
2 
standards should not be accepted. 
The FCC deliberated the problem for two months, and 
pn September 1, 1950, issued its First Report,favoring the 
PBS color system.3 The Commission reached a decision to 
!adopt the CBS system on these gt>ounds: 
127. The Commission is of the opinion that, .the 
CTI system falls short of the criteria we have es-
t&.blifhed for:O..a~color:.system. GID..:the• first plece 1 
the· quality of the color picture which the CTI system 
produces is not at all satisfactory. There is a 
serious line crawl problem and the picture texture 
is not satisfactory ••••• 
128. In the second place, there is great doubt 
as to whether CTI even qualifies on what it claims to 
be one of its principal advantages--compatibility. 
1 
~·· p. 5. 
2Broadcasting-Telecasting, July 17, 1950, p. 44. 
3Broadcasting-Telecasting, September 4, 1950, p. 4. 
There is a serious degradation in quality of the 
black and white pictures which existingreceivers 
get from CTI color transmissions •••• 
129. In the third place, the equipment utilized 
by the CTI system is unduly complex. At the receiver, 
image registration control is so critical that it is 
entirely unlikely that the average person could 
successfully operate it •••• 
130. In the fourth place, CTI did not offer 
sufficient evidence on which a finding could be based 
as to Whether the system is unduly susceptible to 
interference •••• 
• • • • • • • • • • • • • • • • • • • • • • • • • • • 
132. The RCA system also falls short of the 
criteria set forth above. In the first place, the 
color fidelity of the RCA picture is not satisfactory 
and it would obviously not be in the public interest 
to adopt as standard a color system which does not 
produce a satisfactory color picture •••• 
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133. In the second place, the texture of the color 
picture is not satisfactory. At all of the demonstra-
tions the quality of the picture was marred by mis-
registration and also to a certain extent by dot 
structure. 
134. In the third place, the receiving equipment 
utilized by the RCA system is exceedingly complex. 
The Commission would certainly not consider adopting 
a system which was limited to receivers of the di-
Ctbro,id" mirror type demonstrated on the record. • • • 
135. In the fourth place, the equipment utilized 
at the station is exceedingly complex. There is no 
assurance that satisfactory coumercial type equip-
ment can be built because at not a single demonstration 
on the record, was accurate registration maintained 
throughout the demonstration •••• 
136. In the fifth place, the RCA color system is 
much more susceptible to certain kinds of interference 
than the present monochrome system or the other two 
color systems. A demonstration of oscillator rad-
ation such as would be received from other television 
receivers not only caused severe interference to the 
picture but under certain conditions upset color syn-
Chronization so that color control was lost.l 
The decision was not final; .. however, :nealizing the technical 
1Text of FCC conclusions Relative to Color Television 
reprinted in Broadcasting-Telecasting, September 4, 1950 
P• 83. 
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advances which had been made as the report had been completed, 
the FCC postponed the final decision until September 29, 1950. 
It requested the industry to submit proposals, before this 
date, on the adoption of "bracket standards".l This then, was 
the alternative which the industry received: either build set 
capable of receiving CBS color using CBS standards, or permit 
CBS to have its system adopted by default. 
The industry was stunned. An article appearing in 
Broadcasting-Telecasting summed up the industry's feeling on 
the matter: 
From all sides came the plea that nothing of the 
type had ever been designed; that engineering studies 
would take weeks and months; that production problems 
were staggering, especially in view of present shortages 
in parts; that many engineers wonder if bracket 
receivers would work satisfactorily even if inherent 
in new sets; that the FCC was completely unrealistic, 
acted in bad faith or didn't know what it was talking 
about; that bracket sets would add as much as $400 
million a year to costs of sets; that it's silly to 
talk about any color system that isntt compatible.2 
An official statement released by RCA said, "Never before has 
an administrative body of the United States undertaken to 
coerce the freedom of choice of American manufacturers in 
what they may build and sell under threat that if they d> not 
3 
obey, drastic consequenses to the public will follow." 
1 
Broadcasting-Telecasting, September 4, 1950, p. 4. 
"Bracket standards" permitted the new sets to be circuited in 
such a manner that conventional monochrome and CBS color broad 
casts could be received. 
2 Broadcasting-Telecasting, October 2, 1950, p. 57. 
3rbid., p. 70. 
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Despite the work the industry devoted to the problem on the 
twenty-nine day period, not one manufacturer could meet the 
deadline on producing these standards in the receivers.l 
Accordingly, on October 10, 1950, the FCC issued the 
Second Report , deciding on the immediate adoption of the 
2 field-sequential system, using the s;tandards proposed by CBS. 
RCA Opposes Decision; Seeks Court Ruling 
The final FCC decision aroused a storm of protest 
from the manufacturing industry. RCA, which had earlier 
promised to cooperate with any decision the FCC handed down, 
changed its policy and announced it would continue research 
on its own compatible system.3 
RCA petitioned the FCC to change its ruling because 
of the incompatibility issue. In a startling report, RCA 
charged that the reason for the favorable decision for CBS 
was undue influence on the FCC by one of the members of the 
FCC Laboratories Staff. RCA charged that the engineer, E. W. 
Chapin, chief of the staff, "took the most active role 
throughout the hearings on the Commission's behalf and was 
in charge of the laboratory which tested the a:>lor systems."4 
RCA further charged that the FCC relied on his advice because 
laroadcasting-TelecastiD6• October 9 1 1950, p. 56. 
2Broadcasting-Telecasting, October 16, 1950, p. 177. 
3 Ibid •• p. 23. 
4,.,, •<'lllastin£<-'l'Aleaas t:tna. Oatl'>ber 21 lQt;o n. t:;':l, 
\ 
the majority of the Commissioners have no engineering 
training and the decision was stated tobe based entirely on 
"engineering a:> nsiderations. ttl 
RCA concluded its charge by reasoning that, Iii. though 
the engineer had no financial interest in the system of colol 
to be adopted, his prestige and professional reputation were 
at stake unless the CBS system were adopted because he had 
designed and built the adapter for use with the system. 2 
The FCC denied the charge promptly, and Chairman WaynE 
Coy emphatically countered that the engineer in no way in-
fluenced any member of the FCC in his decision.3 
On October 17, seven days after the FCC decision, 
RCA and the Pilot Radio Corporation filed separate suits in 
the Federal District Court in Chicago, asking for a temporary 
injunction against the color order being made effective pend-
ing determination of suit for a permanent injunction.4 The 
Chicago Court then issued the temporary restraining order 
four weeks later, halting the FCC from putting its color ru:JB 
into et"i'e ct before a final decision w as made. 
In December, 1950, the Chicago Federal District 
Court removed itself from the color controversy, by ell. smissi:Q?; 
the RCA complaint against the FCC. The action was takan mainll 
on the strength of a government brief which was filed wl. th the 
court. The brief praised the color quality of the CBS system, 
and contended that the FCC action was reasonable. The court 
lfb!d !fb!d. 4ura. 
made the ruling effective immediately, but alsobanned any 
use of coDillercial color broadcasts until the United states 
Supreme Court had ruled on the matter.l 
Meanwhile, RCA continued to demonstrate its new 
method of color. Actually, the new method was practically 
the same as the dot-interlace system which had been first 
introduced in 1949. There was only one exception; the new 
system utilized the new tri-color receiving tube which RCA 
had developed early in 1950. 2 The use, of the new tube in 
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the receivers abolished the complex, unreliable dichroic 
mirror system. It was this receiving system, using the 
mirror assembly, that drew the main part of th_e FCC criticism 
of the RCA system in its report.3 
In March, 1951, RCA created a mild sensation when it 
transmitted a color program on the air during its regular 
broadcasting hours. The m01 e was unannounced, and although 
RCA had defied the Chicago Federal Court 1 s ruling on col or-
' casting, it had proved that its system was completely compat-
ible 1 for no difference in reception was reported by those 
who had watched the program on the conventional monochrome 
receivers in the New York Metropolitan Area.4 
1The New York Times, December23, 1950 
2see Appendix II. 
3Text of FCC Conclusions Relative to Color Television 
reprinted in Broadcasting-Te~ casting, September 4, 1950. p. 8 • 
4Tbe New York Times,_~arch 5, 1951. 
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Supreme Court Upholds FCC Ruling 
On January 26, 1951, RCA initiated an appeal to the 
United States Supreme Court in an effort to have the FCC 
decision on the color standards overruled,l The case of the 
Radio Corporation of America, tAe National Broadcasting 
Company, and RCA Victor vs. the United States of America, 
the Federal Communications Commission, and the Columbia 
Broadcasting System, was reviewed by the high court in Hay. 
John T. Cahill, chief counsel for RCA, reviewed the 
RCA position, maintaining that an incompatible system of 
color television was contrary to the best interests of the 
public. 2 He also argued that the FCC selection of the incom-
patible system over the compatible one was contrary to ~w, 
that the Federal Communications COmmission's findings were in 
adequate, and that the case was not given the proper amount 
of judicial review .3 
Mr. Samuel H. Rifkind, of the Emerson Television and 
Radio Corporation, appeared as a witness in RCA's behalf. He 
argued that the Federal District Court in Chicago erred in 
dismissing the RCA complaint because not all the new 
color developments of RCAhl.d been sufficiently reviewed. Hr. 
rifkind also testified: 
l Broadcasting-Telecasting, June 4, 1951, p. 62. 
2RCA, NBCf and RCA Victor vs • USA, FCC, and CBS, 73 
Schopler (u.s.),o64 (1951). 
3rbid. 
The findings of the Commission in September, 
1950, do not justify the order of October, 1950. 
The Commission's findfngs are based Wholly upon 
speculation and hope. 
The case for the Federal Communications Commission 
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was presented by Solicitor General Isadore Perelman. In de-
fense of the FCC action, he said: 
The Commission's choice of criteria was wholly 
reasonable. The Commission reasonably refused to 
accept the transmission standards under the proposed 
RCA system. This power is granted to the Commission 
under the Communications Act or 1934.2 
On May 29, 1951, the Supreme Court handed down a 
final decision on the case in favor of the FCC ruling. 
Although Justice Frankfurter dissented in part with the 
decision, he nevertheless ·voted in favor of it, making the 
final vote on the decision 8-o. The findings of' the CD urt 
were these: 
l-. The appeal by RCA was sufficiently reviewed 
by the Federal District Court in Chicago. 
2. The Federal Communications Commission has the 
power to accept or reject any type of' transmission 
system under the powers granted to it by the Communica-
tions Act of 1934. 
3. The court sustains the FCC decision to accept 
the CBS system while rejecting all others, toawait 
new developments by RCA. 
4. The CBS color system has good quality. There-
fore the public has a right to see it. 
5. The Federal courts are not to overrule the 
administrative decisions. 
6. Whether or not the FCC should have r eopened 
the hearings in order to permit RCA to demonstrate 
its new color developments is entirely up to the 
discretion or the Commission and is in no way an abuse 
of authority.3 
Libid. 1 P• 1066. 2Ibid. • p. 1067. 3Ibid. • p. 1070. 
CBS Unable to Produce Color Sets; Discontinues 
Color Operations 
The finality of the Supreme Court's decision made 
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CBS the absolute outlet for colll!lercial color television. The 
block~ color telecasting was now removed, and a spokesman 
at CBS said the network would start producing color shows by 
the end of June.l CBS also planned to begin set manufacturing 
through its recent acquisition, a set-making subsidiary, 
Hytron Electronics)~ RC:&, although disappointed, s ta ted it 
, would continue demonstrating its new all-electronic system of 
color television.3 
However, CBS was not successful in its campaign to con 
vince other manufacturers to produce color receivers using the 
CBS color standards. Every one of the competing set manufac-
turers refused to build color receivers under the CBS system. 
Dr. Allen B. DuMont stated that the new all-electronic system, 
when adopted, wouldrender the CBS color wheel obsolete.4 
This opinion was shared by all the other set makers in the 
industry, for they all decided to wait until the advent, of 
electronic color before committing themselves to the new art.5 
~roadcasting-T~lecasting, June 4, 1951, P• 23 
2 Broadcasting-Telecasting, May .2~L.l95l, P• 59. 
~roadcasting-Telecasting, June 4, 1951, P• 23. 
4Tbe New York Times, June 23, 1951 
5Ibid. 
' 
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On the first day of June, 1951, a composite group was 
formed by RCA, Philco, General Electric, DuMont, and the 
Hazeltine Corporation. 1 This group challenged the CBS field 
sequential system with its own, a color method which was 
basically the same as the electronic color plan RCA was then 
demonstrating. Columbia scored this latest venture as an 
attempt to mislead the public. 
On June 25, 1951, the Commission's order became eff-
ective, and CBS inst~tuted regular color broadcasts for the 
public, the first in the history of the art.2 In subsequent 
months, color receivers were produced by the CBS manufacturing 
subsidiary and offered to the public. 'When CBS announced its 
plan to step up production and approached the Office of Defens 
Mobilization for an allocation of essential materials and 
equipment, the allocation was refUsed on the grounds that the 
large scale production of color receivers would impose an 
unwarranted burden on manpower and resources of the nation 
then needed because of the Korean Conflict.3 In acknowledgins 
this decision, the CBS officials stated on October 19, 1951, 
that in view of the insufficient number of receivers their 
public color telecasts would be discontinued. Competitors of 
CBS remarked that this unprotested compliance was only because 
\ 
lrbid. 
2The New York Times, June 26, 1951. 
3The New Xork Times, October 20, 1951. 
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CBS knew that its system would not attract the public inter-
est. CBS President Stanton denied this and replied that 
experiments with a compatible system of color television were 
being carried on at present, and would continue indefinitely.l 
' 
CHAPTER V 
THIRD PHASE OF THE COLOR CONTROVERSY, 
1951-1953 
History and Functions of the National Television 
System Committee 
The National Television System Committee, a select 
group ot industry-wide engineering experts, had two distinct 
periods of activity. In July, 1940, the Committee was first 
formed by the Radio Manufacturers Association to study mono-
chrome television and to reach an agreement on a single set of 
standards from among the many proposals that had been set be-
fore the FCC. In March, 1941, the Commission announced its 
approval of these standards, authorizing public television 
service to begin on July 1, 1941.1 
Shortly after the FCC announcement, the country entere 
the Second World War. The NTSC was not officially disbanded a 
this point, however, it began its period of inactivity as the 
remaining work on monochrome standardization was assigned to 
the Radio Manufacturers Association. In 1946, the organiza-
tion reviewed the standards, reaffirming them as sound.2 
1~---------------------------------------------
lThe New York Times, May 8, 1941. 
2The New York Times, Feb~ary 14, 1946. 
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The second period of NTSC activity began in 1950, 
when it was reactivated by the RMA to consider the development 
of compatible color television standards. At the concluding 
session of a three-day conference of the RMA in New York City 
the week of November 14, 1950, the trade organization proposed 
the a new NTSC work in two areas: (1) investigate all the 
technical data relative to television allocations, especially 
on the UHF band, and the lifting of the freeze, and (2) 
recommend basic standards for future development of color 
television.l 
Although the first NTSC was able to complete its in-
vestigation of the monochrome standards in less than nine 
~nths, the second NTSC took nearly thirty-two months to com-
~lete its job, nearly four times the time taken by the first 
group.2 The 1940-1941 record covered bO,OOO words and in six 
~onths 4,000 man-hours were devoted to this study.3 During 
the second period of its activity, from 1950 until 1953, the 
NTSC devoted the majority of its time to field testing the 
color systems proposed by the composite group.4 The ~ask was 
undertaken by the NTSC to correct some of the deficiencies 
which first appeared in the system, as outlined by the FCC, 
lBroadcasting-Telecasting, November 21, 1949, p. 61. 
4Th1s composite system was composed in 1951 by the 
following organizations as a challenge to the CBS system: RCA, 
Philco, DuMont, G.E., Sylvania, and Hazeltine Laboratories. 
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The second NTSC was formed in January, 1950, to con-
sider the two main issues confronting the FCC at the 1949-1950 
hearings, VHF-UHF allocations, and color television.l The 
Committee was served by eight panels, all engineering experts, 
designed to solve the technical prob~ems of the composite 
system. The officers and panel chairmen appointed at this 
time were: W.R.G. Baker, chairman; D.G. Fink, vice-chairman; 
D.B. Smith, vice-chairman; Martha Kinzie, secretary; Panel 1, 
Color System Analysis, D.G. Fink, chairman; Panel 2, Subject-
ive Analysis of Color Systems, A.N. Goldsmith, chairman; 
Panel 31 Allocations, J.V.L. Hogan, chairman; Panel 4, Trans-
mitters, P.J. Herbst, chairman; Panel 5, Receiver, D.B. Smith, 
chairman; Panel 6, Transmitter-Receiver Coordination, I.J. 
Kaar, chairman; Panel 7, Color Rendition A.V. Loughren, chair-
man; Panel 8, Terminal Apparatus, T.T. Goldsmith, Jr., chair-
man.2 
Within a few months, the investigations of these 
panels had progressed to such a point that a coordinated re-
view of the subject was required. As a result, these eight 
panels were temporarily suspended, and an Ad Hoc Committee 
was formed in November to recommend the future course of 
action to be taken.3 
lBrgadcastipg-Telecasting, February 20, 1950, P• 69. 
2Fink, P• 21. 
3The Bew York Times, November 21, 1950. 
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The Ad Hoc Committee conducted studies of the color 
~ystem proposed by the composite group--Hazeltine, RCA, Philco, 
peneral Electric, and Sylvania--carrying on investigations of 
~he research work being done in the laboratories and witness-
1ng demonstrations.1 As a result of these studies, the 
committee made the following proposal: 
That color be added to the existing broadcast 
service by utilizing the present black-and-white 
standards to transmit all the information necessary 
concerning brightness--i.e., all the information 
necessary for a good black-and-white picture (com-
parable to··;the present service)--and by adding the 
necessary chromatic information (to color the picture) 
on a subca.rrier transmitted simultaneously with 
the "brightness" signal and contained within the 
video band. To detect this subcarrier, reference 
or color sync information is added to the present 
synch signal during an interval of time available 
for this purpose in the present standards.2 
~he Committee stated its conviction as to the technical merits 
pf the above system in the following words: 
It is the firm conviction of this committee: 
(1) That the (above) system of color television. • • 
will provide for the maximum utilization of the 
existing 6-mc channels as assigned to television 
broadcast service by the FCC. By this is meant 
that this type of system will transmit the maximum 
amount of information useful to the viewer with 
regard to picture clarity, color fidelity, picture 
brightness, freedom from flicker, and other dele-
terious effects, of any system in color television 
now known to us, and 
(2) That the (above) system of color television ••• 
will be compatible, in the sense that existing black-
and-white receivers will be able to derive a black-
and-white picture from a color signal in accordance 
lfhe New York Times, November 21, 1950. 
eli'ink, p. 23. 
with this system, with no change in the receiver and 
with picture tpality comparable to the present black-
and-white. In other words, telecasting stations could 
transmit this new color signal with no significant loss 
of service, nor inconvenience, nor any added eost, 
to their existing audience,l 
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The Ad Hoc Committee submitted its report on April 19, 
1951. Its recommendations were accepted and the second 
reorganization of the NTSC began. The first meeting of the 
reorganized NTSC was held on June 18, 1951.2 Two years later, 
on July 21, 1953, the NTSC approved the final form of the 
compatible color television signal specifications and petiti-
tioned the FCC for their adoption. During this period, the 
NTSC panels conducted fundamental investigations into the 
~ture of human vision, wrote and rewrote signal specification ~ 
conducted field tests on the signals for color reception as 
~ell as monochrome reception, studied the special problems of 
~etwork connections for color, wrote tutorial papers, compiled 
definitions, and finally arrived at a unanimous agreement 
pn twenty-two signal specifications Which ultimately served as 
the basis for color transmission.3 
~TSC Be~ins Field Tests 
Iraan, jD.B. 
The main activity of the National Television System 
libid., p. 21. 
~ 2Ibid., P• 26. The officer were: W.R.G. Baker, chair-
E.W.~strom, vice-chairman, D.G. Fink, vice-chairman, 
Smith, vice-chairman. 
3Ibid. 
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Committee during the two-year period rrom 1951 until 1953 was 
to conduct rield tests on the various aspects of the composite 
system, in an effort to uncover some of the technical features 
of the system which were considered unsatisfactory by the FCC. 
The NTSC field tests were conducted in New York with 
signals provided by RCA and DuMont, and in Syracuse, Chicago, 
and Philadelphia by the experimental television stations used 
by General Electric, Zenith, and Philco.1 A plethora of 
technical problems was discovered as the initial tests began. 
The important reature of these field tests is that all of the 
problems which the NTSC discovered were solved. The color 
signal was improved considerably, flicker was reduced to a 
minimum, the interference to the picture created by the sound 
carrier was remedied, and the interference to the sound 
carrier itself was removed. 2 
Following these initial field tests of the system, 
the panels of the Committee undertook extensive testing of the 
proposed NTSC signal specifications. The panel testing 
receiver compatibility in Chicago and Jersey City, New Jersey, 
came to the conclusion that: "It has been determined by actual 
observation that signals in accordance with the NTSC signal 
specifications result in satisfactory compatible black-and-
white pictures and sound when viewed by available black-and-
lrbid., P• 34. 'rbid., p. 35. 
. 
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mite recievers, including the effect on broadcast coverage.•l 
The panel investigating color reception, conducted 
extensive tests at the laboratories of RCA, Philco, Sylvania, 
and Hazeltine during a period beginning in April, 1953, and 
ending two months later in June. The duties of this panel 
were to test the color reception of the various manufacturers• 
products. As a result of the_se tests, the panel concluded 
that the signal in accordance with the proposed NTSC signal 
specifications was &-"satisfactory one which WjUld result in 
a service in color comparable in performance to that estab-
lished (in black-and-white) by the present monochrome 
standards.•2 
Field testing from the point of view of the broad-
casters wasundertaken by another panel. After numerous tests, 
the panel determined: 
The proposed NTSC color television signal 
specifications. • .will result in a signal which 
can be satisfactorily broadcast by present broad-
cast transmitters, with only minor changes, and can 
be satisfactorily transmitted from city to city 
by means of existing and suitably equalized intercity 
microwave circuits of the Bell Systsm.3 
As the various panels reported the results of the fiel 
testing they had conducted, it became clear to the NTSC that 
the signal specifications it had proposed on February 2, 1953, 
had successfully passed the field tests. Accordingly, the 
NTSC Editorial Committee prepared the language of the signal 
2 ill!!. • p. 36. 
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llst>ecifications in suitable form to be proposed as standards in 
petition to the FOC, The final draft of this petition was 
sented to the NTSO at its meeting on July 21, 1953, and 
unanimously approved by the Committee members. on the 
day, the proposed standards were forwarded to the 
On March 15, 1953, Representative Charles Wolverton 
New Jersey, Chairman of the House Commerce Committee, 
~~~~c)UJ~ed plans for hearings into the delay of the commercial-
ization of color television, and the production of color 
elevision receivers. Wolverton, long an active supporter of 
olor television, urged the National Products Authority to 
the ban on receiver manufacturing, first enforced as the 
entered the Korean Conflict. 2 
The hearings opened on March 24, 1953. The first 
to be heard was Dr. E.W. Engstrom of RCA, and vice-
of the NTSO. He testified that the RCA planned to 
permit for the adoption of compatible color 
as soon as the NTSC had completed its field tests, 
that the high cost of the first color 
nrc!ceivers would st,bilize at twenty-five per cent over the 
lrbid., p. 37. The complete list of peoposed NTSC 
lOaiUCllil.r(ul""""ijijiears in Appendix I. 
March 26, 1953. 
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monochrome sets. He stated also that there would definitely 
be an orderl7 market transition from monochrome to color. 
Engstrom concluded his testimony with these remarks: 
We are today prepared to commence broadcasting 
compatible color programs which can be received in 
black and white on sets now in the hands of the public 
without changing these sets at all and without any 
present set owner being required to buy any new 
equipment to receive these broadcasts. 
We are also prepared to expedite the production 
of color sets so that those members of the public who 
want to receive our compatible color broadcasts in 
color can buy color receivers. 
Given this opportunity to judge for itself the 
advantages or disadvantages of the compatible and in-
compatible system of color television, the American 
publiC would make the final decision as to which 
system it prefers. In our opinion,· this is the 
quickest way to bring color television service to the 
American public.l 
The next .witness was CBS President Frank Stanton. 
He declared that the network had no plana at that time for 
broadcasting in color, or manufacturing receivers under the 
CBS system. Stanton said he was undecided as to the CBS 
position on compatiblity, however, be did cite the growing 
public concern over the inability of the color programs to be 
received on monochrome sets. Stanton's testimony, in part, 
is as follows: 
Despite the publicity about the compatible system, 
I think that there was considerable momentum for the 
field sequential system. There were substantial in-
dications .that if we continued to press forward with 
our broadcasting and manufacturing efforts, sooner 
or later other manufac~rers would begin to produce 
color equipment. We bad real hope that the log jam 
lBroadcasting-Telecasting, March 30, 1953, P• 56. 
would soon be broken. But at that time, most of the 
others in the industry were focusing their efforts 
on developing, demonstrating, and testing a new 
compatible system.l 
Speculating on the future, Dr, Stanton testified: 
First, I say reluctantly but realistically, that 
CBS has no plans so long as the present circumstances 
exist, to broadcast or manufacture under the approved 
field sequential system. • • .I think we would be 
tilting at windmills to undertake now, without any 
substantial industry support, to try to pick up again 
where we forced to leave off in October 1951 •••• 
That impetus has been lost and the field sequential 
system has been completely becalmed for a year and 
a half •••• I cannot minimize the problems (of 23 
million black and white sets) which this creates. 
I do not think the problem of incompatibility is 
necessarily fatal. But I do think that the problem 
of incompatibility has now grown to such proportions 
that in combination with other factors, it becomes 
quixotic and economically foolish for us single-
handedly at this time to resume a large scale 
broadcasting and manufacturing program under the 
field sequential system.2 
stanton added: 
But this we .know. We are for any color system 
which works well, which is practical and the cost of 
which is reasonable. We will support such as system 
whether or not it is one developed by us or by a 
competitor, or by somebody of whom we never even heard • 
• • • We are in favor of compatibility •••• we gen-
uinely hope that this new system fulfills the promises 
made for it, and that it is both compatible, practical 
and economical ••• • It this new system works, is 
practical and the price is reasonable, we will support 
it with all our energies.3 
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D.r. Allen B. DuMont took the stand next. He testified 
that there would be a five to ten year delay before acceptable 
color standards and receiver manufacturing could be formed. 
DuMont Praised the CBS move to drop color and pointed out 
3rbid. 
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that the NPA ban on the manufacture of color television 
equipment was not a deterrent to development, but rather a 
check on. the hasty adoption of another awkward and unnaccept-
able system of color.l 
The next witness in the hearings was Dr. W.R.G. Baker, 
President of General Electric, and Chairman of the National 
Television System Committee. Replying to Representative 
Hinshaw's queationing, Baker denied that the NTSC rebelled 
against the FCC's 1950 color decision by setting up different 
color standards, or that the Committee aimed at having the 
order cancelled. He did concede, that as a result of 
successful research, the order would have been withdrawn any-
way. Baker also testified that the industry viewed the CBS 
incompatible method as an unsatisfactory one, and said that 
with the new system of color proposed by the NTSC, the nation 
could expect color television within fifteen months.2 
The final witness in the hearings was FCC Chairman 
Walker. He testified that the FCC would approve the first 
satisfactory system of color television brought to it, but 
added that the commission did not intend to rush the industry 
into the development of the system. He agreed with Baker 
that the NTSC was not yet ready for a proposed system which 
the FCC could study. Asked about the CBS method, he testified 
lThe New York Times, March 27, 1953. 
2The New York Times, March 28, 1953. 
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there was little hope for the incompatible system under the 
existing circumstances, but added that the FCC was not plannin 
to abandon it.l He added: 
• • .Any system of color television which is to 
be with the public for years merits the most serious 
governmental deliberation. These deliberations should 
not and need not be interminable, but they should 
assure the public that all persons having a worthwhile 
contribution to make to a correct answer should have 
the opportunity to be heard.2 
Asked about the possibility of multiple standards, Walker 
n 
0 0 .completely destroy the fundamental competitive said: 
basis upon which broadcasting was intended by Congress to op-
erate •••• each (station) would have in effect a monopoly of 
the attention of its audience •••• public choice from among 
several color systems becomes a sna~e and a delusion •••• it 
deprives the public of the real freedom of choice in program-
ming which is the cornerstone of our American system of 
Broadcasting. tt3 
The hearings ended thus. Representative Wolverton 
promised a full report to the FCC after the House Committee ha 
seen the demonstrations of the CBS and RCA (NTSC) systems. 
On April 14, 1953, RCA conducted a successful demon-
stration of its new color at its research center in Princeton, 
New Jersey. Wolverton, in commenting on the system, said: 
lThe New York Times, April 1, 1953. 
2sroadcasting-Telecasting, April 6, 1953, P• 56. 
3Ibid. 
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"It's truly amazing. Color television has reached the stage 
of perfection where the public should have its benefits. It 
seems justified to put into production."l 
When the House Commerce Committee traveled to New York 
the next day to view a special closed-circuit demonstration of 
CBS color, comments were generally unfavorable. Wolverton 
would make no comment at all, but another member of the 
Committee said that the CBS color did not have the same 
quality and sharpness of picture clearly outlined in brilliant 
color as did RCA.2 
New Color Standards Announced; RCA System Successful 
The National Television System Committee made two 
major presentations to the FCC. The first, the petition 
recommending the adoption of the standards has already been 
~entioned. The second was an elaborate demonstration of 
transmitters, networks, and receivers operating in accordance 
with the proposed standards. The demonstration was held at 
the Waldorf Astoria Hotel in New York City, on October 15, 
1953.3 
On September 18, the Commission had adopted an order 
scheduling the demonstration and indicated its desires as 
lThe New York Times, April 15, 1953. 
2The New York Times, April lb, 1953. 
3The New York Times, October 16, 1953. 
rollows: 
The programs to be transmitted will consist of 
program matter containing a wide range of hue and 
chroma, including strongly contrasting color patterns. 
Provision will be made for the viewers to compare 
simultaneously the subject matter before the camera, 
as reproduced on the receiver screens. 
The following schedule will be observed: 
11:30 to 12 Noon--Explanatory Remarks. 
12 Nobn to 12:20 P.M.--National Broadcasting Company, 
Inc., will transmit color signals on station WNBT in 
New York City of the following: 
Motion indoors 
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(1) Close-ups, normal and rapid movements. 
(2) Medium length shots, normal and rapid movements. 
12:35 to 12:50 P.M.--A closed-circuit color transmission 
employing coaxial-cable and microwave facilities will 
be conducted repeating the program material set forth 
above. ·'!· 
1:00 to 1:15 P.M.--Columbia Broadcasting System, Inc., 
will transmit color signals by remote pickup on station 
WCBS-TV of the following: 
Motion outdoors--typical outdoor scenes. 
1:25 to 1:45 P.M.--Allen B. DuMont Laboratories, Inc., 
will transmit color signals on the u-h-f experimental 
station D2XDR of the following: 
(l) Color test pattern. 
(2) Selected slides of close-up and distant shots.l 
This demonstration, staged by the NTSC, was successful in its 
attempt to prove the adaptability of the system to the FCC. 
Chairman Hyde commented on the significant developments which 
had taken place in color television during the past few months 
and Representative Wolverton once again praised the system.2 
Manufacturers Who had their color sets on display at this 
demonstration included the following: Admiral, Crosley, DuMont 
Emerson, General Electric, Hallicrafter's Hazeltine, Motorola, 
l:fink, p. 37. 
2The New York Times, October 16, 1953. 
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Philco, RCA, Sylvania, Westinghouse, and Zenith.l 
on December 16, 1953, the last phase of the color 
television controversy ended. The Federal Communications 
Pommission, after having deliberated the problem for three 
Months, officially adopted the new color television standards, 
pioneered by RCA and outlined by the NTSC. The new ruling 
~as effective immediately; however, a waiting period for 
color transmissions was requested by the Commission. This 
order was quickly rescinded by the FCC, and the waiting period 
was waived in favor of an order which required each colorcast 
to be noted in advance by the Commission.2 
In reversing the order it had handed down in 1950, the 
new FCC Report and Order included the following remarks: 
38. Field Sequential SSstem.--In our consideration 
of specifications for theroadcast of color television 
in the 1949-50 proceedings in Docket 8736 et al., we 
concluded that of the three systems under-conL9ideration 
only the field sequential system met minimum 
standards of acceptability. These signal specifications 
were, however, incompatible in the sense that receivers 
outstanding in the hands of the public could not re-
ceive color transmissions in monochrome without 
adaptation. The limited amount of commercial color 
broadcasting on these standards was short-lived, and 
color television broadcast equipment for the field 
sequential system has never been produced in quantity 
and is not now being produced, nor are color trans-
missions in accordance with the field sequential 
standards being broadcast or contemplated. Three 
years have passed since that decision, and there are 
now more than twenty-seven million. television receivers 
in the hands of the public, all of which are incompatible 
libido 
2The New York Times, December 17, 1953• 
with our present color television standards. That 
circumstance serves to nullify those rules and stan-
dards completely. We have concluded, therefore, that 
our present rules for the transmission of color tele-
vision should be deleted. 
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39. Proposed Si~l S~ecitications.--The proponents 
of the color telev!~n s gnal speclrlcations proposed 
in this proceeding have been or the view that a color 
television system in order to prove successful must 
be compatible. With this premise in mind, petitioners 
have cooperated in an inlustry-wide, intensive program 
ot study, research and experimentation, lasting over a 
period of more than two years, in an effort to evolve 
and formulate satisfactory compatible color television 
signal specifications. • • • 
40 •••• The propsed color television signal 
specifications produce a reasonably satisfactory 
picture with good overall picture quality. The quality 
of the picture is not appreciably marred by such defects 
as misregistration, line crawl, jitter or unduly prom-
inent dot structure. The picture is sufficiently bright 
to permit a satisfactory contrast range under favorable 
ambient light and is capable ot being viewed in the 
home without objectionable flicker. Color pictures can 
be transmitted satisfactorily over existing intercity 
relay facilities and improvements in intercity relay 
facilities may be reasonably anticipated. 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • 42. In the comments filed in this proceeding a 
number of parties urging adoption of the proposed 
signal specifications have requested that we waive or 
relax certain ot our criteria. It is our view, in 
ligbt of the changed circumstances, that a rigorous or 
inflexible application of our criteria would not be 
warranted and that, accordingly, these requests should 
be granted. It was our view that any new system would 
have to sustain the burden of establishing that any 
improvement which would result from its adoption must 
be substantial enough to justify the resulting dis-
location to receivers then in the hands of the public. 
There are no color receivers in the hands of the public 
designed to receive transmissions in accordance with 
those standards. And no question is presented with 
respect to dislocation or harm because of investment 
in apparatus. We believe, therefore, that the change 
in circumstances warrants a shift in emphasis and that 
we are justified in relying on the representations 
or petitioners that certain of the inadequacies as 
p~asently exist are a function of "equipmen~ limitations" 
and are not necessarily inherent "system limitations.• 
. 
lOS 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • 44. Upon a careful consideration o~ the complete 
record in this proceeding, we are o~ the view that 
the signal speci~ications proposed by petitioners 
provide a reasonable basis tor the development o~ a 
color television service in the public interest. we 
have there~ore concluded that the present rules and 
standards ~or the broadcast o~ color television based 
on the ~ield sequential signal speei~ications should 
be deleted and that the signal speei~ieations in this 
proceeding should be adopted in lieu thereo~ at this 
time. 
• • • • • • • • • • • • • • • • • • • • • • • • • • • 46. In view ot the ~oregoing, IT IS ORDERED, That, 
e~~eotive 30 days a~ter publication in the Federal 
Register, SUbpart E ot Part 3 o~ the Commission's 
RUles Governing Television Broadcast Stations, is1 amended as set out ~n Appendix B attached hereto. 
l•FGO R,~port and Order Approving Compatible Color 
lmA, •ion n FCC Docket 98701 (1953), reprinted in Broadcast-===4~~:;"- · '~ December 21, 1953, PP• 58C-58D. 
CHAPTER VI 
CONCLUSION 
The future or color television is still uncertain at 
present writing. Since the adoption of the color standards 
in 1953, public response to color has been disappointing and 
color receivers are not being sold in quantity. The writer 
does not wish to speculate on the fUture of receiver sales, 
nor attempt to predict the eventual outcome of the color 
television situation. There are, however, several pertinent 
conclusions which may be reached drawn from the facts set 
forth in the thesis. They are as follows: 
1. The Columbia Broadcasting System brought the first 
practical system of color television to the public. rt was 
widely ~oclaimed and adopted as the standard means for re-
pPoducing color on television. The Radio Corporation of 
America, striving to maintain its position of leadership 
within,the electronics industry, developed an amazing new 
method of color television. The most important feature of 
th1s new system was the fact that it was compatible--i.e. it 
oould be transmitted without any disturbance to the black-
and-White seta already in use. 
2. ~~· television industry first regarded the advent 
or color television as a deterrent to the progress of mono-
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~hrome, and foresaw a decline in the market for black-and-
~hite receiver sales. However, with the introduction of com-
patible color, the industry realized that monochrome television 
~ould not suffer any ill effects from color. Therefore, the 
4ndustry was unwilling to cooperate in the propagation of the 
BS color methods, and waited until the compatible system was 
~dopted before committing itself. Because of this, CBS was 
pnable to launch a successful campaign to market receivers it 
nanufactured. 
3. At the time the Federal Communications Commission 
adopted the field-sequential color system in 19$0, it was the 
pest system available, because the RCA electronic system was 
~till in the crude stages of development. Therefore, the FCC's 
~ecision in favor of CBS was a reasonable one. The CBS field-
~equential system was an inexpensive practical system of color 
~elevision, reproducing good quality color pictures. 
4. As the "composite system" was formed, it became 
~lear that CBSwas alone in its efforts to make its tield-se-
~uential system a success. Five larse manufacturing companies, 
ncluding RCA, pooled their engineering resources in an 
~ttempt to improve the electronic color method. 
5. The National Television System Committee worked 
•osont!ally for its own gain. The officers of this organiza-
~£qA were mon who had interests in the electronic systam, 
peing executives of the organizations who were sponsoring it. 
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Therefore, it would have been irrational for this Committee 
to have come to any conclusion other than the one which re-
sulted. The Committee did make many importaat technical 
advances in the electronic system, however, and it was through 
these advances that the electronic system was able to become 
adopted on a commercial basis. 
~ The FCC adopted new color standards as a result of 
the work which the NTSC had completed. The Commission was 
obligated to approve the best system of color television that 
could be watched without disruption of the black-and-white 
service. The public, who had invested millions of dollars in 
monochrome, had to be considered. 
1. The present system of color television is not the 
only possible method of reproducing color. There are various 
other practical techniques, alluded to in the first chapter of 
this thesis. Only three color systems had been coQsidered by 
the FCC, all having essentially the same basic methods for 
color reproduction. It is the opinion of this writer that 
obhor ~T~~oma of color shall eventually be introduced, systems 
that could possibly produce color more inexpensively with less 
complex equipment than the present system. 
8. The writer agrees with Dr. Allen B. DuMont, who 
maintained throughout the hearings that color television woul 
not be readT for another ten years. A whole new medium had 
been developed and put into production in less than five years 
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(taking into consideration only the RCA system) and it would 
seem that a longer period of time is necessary for the 
perfection of a medium as spectacular and brilliant as 
color television. 
APPBNDIX I 
NTSC COMPATIBLE COLOB TELEVISION STANDARDS 
I. General Specifications 
A· Channel 
The color television signal and its accompanying 
sound signal shall be transmitted within a 
6-megacycle channel. 
B. Picture Signal Frequency 
.The picture signal carrier, nominally 1.2~ 
megacycles above the lower boundary of the 
channel, shall conform to the frequency 
assigned by the FCC for the particular station. 
c. Polarization 
The radiated signals shall be horizontally 
polarized. 
D. vestigial Sideband Transmission 
Vestigial sideband transmission shall be 
employed. 
E. Aspect Ratio 
The aspect ratio ot the scann.ed image shall 
be tour units horizontally to three units 
vertically. 
F. Scanning and Synchronization 
1. The color picture signal shall correspond 
to the scanning ot the image at uniform vel-
ocities from lett to right and from top to 
bottom with ~~ lines per frame interlaced 
at a ratio of two to one. 
2. The horizontal scanning frequency shall be 
2/45~ times the color subcarrier frequency; 
this corresponds nominally to 1~, 7~0 cycles 
per second (with an actual value of 1~,734,264 
plus or minus 0.047 cycles per second). The vertical 
scanaing frequency is 2/~2~ times the horizontal 
scanning frequency; this corresponds nominally 
to 60 cycles per second (the actual value in this 
case is ~9.94 cycles per second). ). The color television signal shall consist of 
oolol' picture signals and synchronizing signals, 
transmitted successively in different amplitude 
ranges except where the chrominance penetrates 
the synchronizing region, and the burst penetrates 
th& picture region. 
'\ 
4. The horizontal, vertical, and color synch-
ronizing signals shall be those specified 
as modified by the vestigial sideband trans-
mission and by the delay characteristic. 
G. Out-of-Channel Radiation 
The field strngth measured at any frequency 
beyond the limits of the assigned channel 
shall be at least 60 decibels below the peak 
picture level. 
II. SOUND 
A. Sound-Signal Frtquency 
The frequency ot the unmodulated sound carrier 
shall be 4.5 megacycles plus or minus 1000 cycles 
above the frequency actually in use for the 
picture carrier. 
B. Sound-Signal Characteristics 
The sound transmi salon shall be by frequency 
modUlation with a maximum deviation of plus or 
minus 25 kilocycles, and with pre-emphasis in 
accordance with a seventy-five microsecond time 
constant. 
c. Power Ratio 
The effective radiated power of the aural-signal 
transmitter shall be not less than fifty per 
cent of the visual signal transmitter. 
III. 1'HE COMPLE.".rE COLOR SIGNAL 
111 
The description of the complete color signal, accord-
ing to the NTSC signal specifications, too highly complex and 
technically worded to present in this paper, can be found in 
its entirety. If the reader desires to study this information 
he can refer to the details of the RCA-Dot Interlace System 
outlined in Chapter IV. This gives a general description of 
the signal specifications which HCA worked on. These signal 
speoi£1cat1ons later were corrected and adopted by the NTSC. 
I 
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It, however, the reader wishes to study the tully detailed 
technical report on this subject, the following sources are 
quite adequate: 
"FCC Report and Order Approving Compatible Color 
Television," FCC Docket 98701 (1953), reprinted in 
Broadcasting-Telecasting, December 21, 1953, PP• 58A-58G. 
Fink, Donald G. (ed.). Color Television Standards: 
Selected !Qiera and Recorda ot the National Teievlslon 
System co ttee. New York: MCGraw-Hili BOok Comp&.n7, Inc., 
19$5. 
\ 
APPENDIX II. 
TRI-COLOR RECEIVER TUBES 
Tri-Color Picture Tubes and Their Requirements 
There are at present writing, five distinct tri-color 
tubes being manufactured. They are: (l) RCA Shadow-Mask 
Kinescope, (2) GBS Colortron, (3) Chromatron, (4) General 
Electric Tri-Color Kinescope, and (5) Philco Single-Gun Tube. 1 
Each of these tubes is unique in its operation, and each is ve ~ 
complex. Tri-color tubes employ either three electron beams 
for the desired effect, or one beam. The writer will discuss 
both types. 
Some of the basic requirements of at ri-color tube are 
(l) three primary light sources, (2) a method of visually add-
ing the colors, and (3) a means of controlling each primary 
color output. 2 The three primary color light sources are thr~ 
different kinds of phosphors deposited on the face of the tube 
These phosphors, when excited by the stream of electrons emitt 
ed from the electron gun or guns, are caused to glow in one of 
the three primaries. 
111 Color Picture Tubes and Components," Color Tele-
vision: Selection-Operation-Servicing, 1957 Edition, (New 
f'£Ol'K: Z1l'f-Dav1d Put>ll.shing Co., 1957), p. 61. 
2Kaufman, p. 66. 
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The manner in whiCh these three primaries are added 
to form the complete colored picture takes the greatest advan-
tage of two characteristics of the eye, These are the persis-
tance of vision effect, and the inability of the eye to s ep-
arate very fine details, The picture may be divided into vel1 
small color elements composed of groups of primary colors. 
If these elements are excited at a sufficiently rapid sequen-
tial rate, the persistence of vision effect will make it 
appear as if the elements are excited simultaneously. 
Furthermore, if the picture elements in groups of primary 
colors are sufficiently close, the eye is not able to s ee then 
as separate color elements, instead, blends them together 
into a single resultant color.1 Finally, the control of the 
intensity of eaCh primary color output may be accomplished 
by the control of the controlgrid voltage of the electron gun 
of that particular color channel. The color television receiv 
er must provide color output voltages whose amplitudes match 
those of the televised scenes so these may be applied to the 
phosphors in the tube, Perhaps most important to the home 
viewer is the fact that the picture brightness level should 
not be less than that of a black-and-white homereceiver, and 
2 
an excellent contrast range is required, These three re-
quirements, when present in the tri-color tubes, will result 
in color pictures of excellent quality. 
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The RCA Three-Gun Shadow-Mask Kinescope 
The RCA Shadow-Mask tube uses a separate electron 
gun for exciting each primary color. The major internal oom-
ponents of this tube are the tube envelope, faceplate, three-
gun assembly, aperture mask, and the phosphor-dot screen-
1 plate. 
Phosphor-Dot Screenplate--One of the major differences 
between a conventional monochrome tube and the tri-color tube 
is the phosphor viewing screen. In the black-and-white tube, 
the screen has a uniformly coated surface, designed to produce 
white light upon electron impact. In the tri-color tube, the 
viewing screen is far more complex. It consists of very close 
ly spaced three-dot triangles of the primary colors. In one o 
the most recent versions of this tube, there are 195,000 group , 
composed of 585,000 individual phosphor dots. 2 
Shadow-Mask--Intimately associated with this phosphor 
screenplate is a shadow mask. This consists of' a PIPer-thin 
sheet of a super-nickel alloy. The mask has an array of 
closely spaced holes equal in number to the groups of phosphor 
dots--195 1 000. Each hole is accurately aligned with respect 
to a triangular group of dots. The function of the shadow-
mask is to guide the electron beams to selected groups of the 
phosphor dots during the scanning process. The alignment aC 
the tri-color tube is such that, at any given instant, only 
1Hazeltine, P• 368. 
the beam from 
lual color dot 
the appropriate 
l 
or group. 
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gun reaches the proper individ-
Three-Beam Gun--The three-beam electron gun is mount-
ed in the neck of the tri-color tube. The gun consists of 
three parallel, closely spaced electron guns, spaced into a 
single unit. The guns are spaced 129 degrees apart and at 
an equal distance from the center axis of the assembly. All 
three guns are identical in construction. As in monochrome 
tube electron guns, they consist of an accelerating electrode, 
focusing element, and a converging electrode.2 
Beam Convergence--Each of the three electron beams 
issuing from the guns are deflected simultaneously by a com-
com deflection system, but each beam is individually control-
led in current by its own electron gun. To operate correctly, 
the three beams must converge on the aperture in the shadow-
mask. This convergence is controlled by the converging e lec-
trode, already mentioned. To position each beam individually 
for proper convergence, three small external magnets are 
situated around the neck of the tube.3 
Both the shadow-mask and the phosphor-dot screen 
are flat surfaces. This means that those shadow-mask holes 
near the edge of the mask are at greater distances from the 
center of deflection than those in the center. Therefore, 
unless the deflection of the beam is corrected, the beams 
1 Ibid., p. 367. 2 Kaufman, p. 69 • 3rbid., p.7o. 
.. 
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will converge at the shadow-mask at only one angle in the 
deflection range. The length of the beams must therefore be 
changed as they advance across the shadow-mask, sot hat they 
are able to converge on all parts of the 
is accomplished by a dynamic convergence 
mask at once. 
1 
voltage. 
This 
External Components--In the tri-color tube, the 
small angular displacement between the axis ef the three guns 
permits the use of the single deflection yoke, much more 
complicated than those employed in the monochrome tubes. The 
purpose of the deflection yoke is to control the angle of 
deflection of the electron beams, emanating from the gun. 2 
In addition to the deflection yoke, the RCA tube uses 
a color-purifying coil. This coil is located on the neck of 
the tube and produces a uniform magnetic field which orients 
the three electron beams for proper passage through the aper-
ture mask holes. 3 
The CBS Colortron 
The CBS Colortron tri-color picture tube is a triple-
gun tube using phosphor dot groups of primary co lora to pro-
duce a full color picture. The basic principles of operation 
are identical with those of the RCA tube. The difference 
between the two color tubes is mainly in the constructional 
details of the shadow-mask and the phosphor-dot screen.4 
4Kaufman, P• 73· 
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The Chromatron or Lawrence Tube 
The Chromatron tri-color tube is radically dirferent 
in design than the previous two which have been described. 
One signiricant dirference in the Chromatron is the use of a 
1 
single electron gun, resulting in only one scanning beam. 
Basically, this tube uses groupings or red, blue, 
~nd green phosphor strips instead of the phosphor dots as in 
jthe other two tubes. The strips are d eposi ted horizontally 
1'-n successive tri-color groups over the back surrace of a 
~eparate viewing screen which is placed just beyond the outer 
W>ace of the kinescope. Close behind this screen are two sets 
pf wires parallel to the phosphor strips. These wires are 
palled color grids. They are electrically insulated from 
~ach other and placed in relation to the phosphor strips 
o that the electron beam passing through them cans trike 
~ither a red, green, or blue phosphor strip, provided the 
porrect derlection is administered to the beam. These color· 
~rids then, take the place or the shadow-masks in the other 
wo tri-color tubes. The other aspects or the Chromatron are 
~enerally the same as the standard monochrome receiving tube. 
The movement of the scanning beam is identical wl. th 
~he monochrome receiver; however, the resemblance ceases as 
rnA bARmA strike the color grids. As the beam strikes the 
~~id~ an alternate voltage is set up on the grid, derlecting 
lr'Qidl. n. 76. ~bid. 
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the beam upwards to a certain phosphor strip, or downwards to 
another strip. If the redgrid is positive with respect to 
the blue grid, the beam is then deflected upward and activates 
a red phosphor strip. If the voltage which is created revers-
es polarity on the color grid, the beam is then deflected 
downward to the blue phosphor strip. If, however, there is a 
definite lack of potential voltage on the grid, then the 
electron beam is allowed to pass straight through the color 
grids, to strike and activate the green phosphor strip.1 
While the beam is scanning horizontally, video color 
signals are applied to the control grids so that the beam 
strikes the respective red, blue, and green color strips. As 
this beam scans the color strips, it is modulated with the 
~roper amount of saturation information for eaCh color ele-
ment. In this way, the NTSC color signal can be applied to 
produce a complete color picture. 2 
The Chromatron is simpler in circuitry, since it 
~es only one electron gun. This negates the necessity of 
~eam convergence units, making all the external components 
~ad in the three-gun tubes unnecessary. 
2 Ibid., p. 77. 
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